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INTRODUCTION 


This volume of the Space Induetriali&ation study deals mostly with the 
methods for selecting the most viable program optiorB and the techniques 
whereby the hardware is developed and integrated into a series of functioning 
systems in a reasonable time frame and in accordance with realistic eost 
estimates. -> 

In,the initial sections of this volume, we will define six separate program 
options and then we will set up a common sense selection process to narrow down 
tne list to the best candidates, as seen from the viewpoint of the Rockwell 
analysis team. Next, we will mesh these selections with similar results that 
were developed by Science Applications, Inc. (SAI) — which flowed from a 
parallel study using roughly parallel methods. The final result is a set of 
three plans for future exploitation of the space frontier. Each separate plan 
hingas largely on the decision and timing for go-ahead on the SPS project. 

Hardware elements in various sectors or space are then discussed in 
sufficient depth to provide a definition of the major functional elements and' 
the major operations. These elements include: 

a. Shuttle-Tended and Space-Base Facilities 

o. Space Processing Facilities 

c. Geosynchronous Orbit Facilities 

d. High Inclination Orbit Facilities 

e. SPS Development Activities 

f. Data Relay Satellites 

g. Lunar Facilities and Operations 

h. Transportation Hardware 

Once these elements have been defined to a reasonable level of detail, we will 
present cost estimates for the various hardware'elements and programmatic plans 
for the installation and operation of the principal units in the three separate 
plans. Finally, all necessary supporting research and technology plans will 
be advanced with emphasis on the neer-term developments that will lead in the 
direction of the envisioned plana. 


INITIAL PROGRAM OPTIONS AND EVALUATION 


Our approach to developing an encompassing range of program options was to 
formulate a set of varying philosophies stemming from general future trends. . 
Three futures were evaluated: 


1 
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1. Near-term orientation decision-making 

2. Long-term orientation decision-making 

3. Basic environmental change (35-year cold period, 
e.g., a littla ice age) 

Each of these futures results in one or more possible decision options for 
future generations. In keeping with the goals of the study, we developed a 
total of sir program options (as sketched in Figure ). As can be seen, the 
Foresight futute results in two program options; one oriented around inter¬ 
national cooperation and the other oriented around leadership at the geosyn¬ 
chronous oroit. in addition, the future co’rmonality option results from on 
extraction of those elements that are common to all three of the other futures. 

The six program options shown in Figure 1 ore discussed in the next six 
paragraphs. 

1. mrzPIATli CPISIS-ORlhNTED PROGRAM — In accordance with this option, 
the Dublin views our country as having so many pressing problems 
that they do not feel they can justify sacrificing today for a 
better tomorrow. In general, the space program and other long-lead 
time opoor tu.il ties will be postponed continually unless they have 
a crisis aura. Business will do what shows near-term payoff, and 
government will support what seems to be a near-term solution to a 
recognized immediate crisis. As the future evolves, new crises 
will precipitate-various space program solutions, but in each case 
- only those opportunities that can be accomplished quickly will be 
included. 



4 . BASIC PROGRAM • fUTURtS COMMOKAHTY 


Figure 1. Space Industrialization Program Options 
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y 2. FORESIGHT PROGRAM — If this philosophy is followed, the United 

States Government is willing to look ahead for two or more decades 
and support those investments thot are clearly shown to be directly 
beneficial to national and international interests. The national 
reel is one of basic confidence in the future, but the necessity to 
cope with energy, productivity, .md balance-of-payment needs are 
understood. In this future we seek also to develop a strong syner¬ 
gistic interrelationship between developed and developing countries 
for both humanitarian and business reasons. We are dedicated to 
help worldwide Industrialization on a progress curve that outpaces 
population growth, and to develop customers with buying power for 
our higher technology products and services. 

3. Rt'. ACTIO i I’ROGHA'I (LITTLE ICt AGE ) — This future assumes that data 
are available which clearly convince our population that a 30-year 
cooling-off period has begun such that a World War II-like national 
motivation becomes real. As a result, approximately 10 percent of 
our CNF wouJ-j be dedicated to terrestrial and space investments 
that are clearly beneficial in mitigating the bad effects upon the 
United States. 

4. BASIC rn'iGR,W (FU's UR-S CtTCtOUIl TY) — This philosophy calls for a 
play-il-safe approach that warrants a reasonable - investment in 
space activities common to the basic futures identified. It is 
not strictly nationalistic, but international cssistance is 
secondary in priority since the crisis influences of Futures 1 and 
3 are strong. 

5. IRTlhiRATlO'lMj SPACE PROGRAM — The driving philosophy in this program 
option is that full world participation in space activities will 
tend to ease friction and foster world peace. A press to have all 
countries participate and share the benefits tends to override purely 
technical and business considerations. 

6. GLO:,r:CURONOUl MARKET LEA PI- RSI! TP — Tire fundamental driver in this 
program is to recognize the value of world market leadership in 
the information business. A key to this market is the utilization 
of space, particularly geosynchronous orbit, for an ever-changing 
variety of services. We would aim to keep ahead of the competition 
in the space segment, the multiplicity of corresponding ground 
equipment, and che number and quality of benefits provided. 

RANKING OF THU PROCRAM OPTIONS 

During the course of the Space Industrialization study, parallel efforts 
were conducted to extrapolate both mankind's needs and technical opportunities 
into the future. The needs wore than used to trigger new ideas for space 
opportunities that might have been previously overlooked and as a background 
for evaluation of these opportunities, both relative to each other and relative 
to competitive terrestrial options. This process yielded some 300 specific 
needs (there could be many more depending on how they are broken down) and 
some 200 space opportunities. By evaluation and combination, the 200 opportunitii 
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were pared to about 100, each of which was then written uj. to a specific 
12-point format for more detailed evaluation. It was intended to reduce the 
list to some 25 outstanding opportunities upon which an evolutionary space 
program could be firmly anchored. As tue evaluation proceeded, however, we 
found it surprisingly difficult to throw out very many of th. opportunities. 

The list still numbers about 50, each of which seems worthwhile and cost- 
effective to do sometime before the year 2025. 

As we looked at the options and the opportuniti-jo, we talked to .many space 
experts and other interested people, both within the company and outside, and 
in and out of the aerospace industry. About 100 evaluators, young and old <nd 
of various ethnic and technical backgrounds, helped us come to the following 
conclusions: 

1. Option 1 should surely be done. It is the least we snould 
Jo and its implementation sho-'ld be simply a matter of 
getting the farts understood to the Congress, 0MB, and 
tne American people. 

2. We in the aerospace community have a definite obligation 
to pursue the foresight options at least in our own plans. 
Moreover, we have an obligation to get as much support as 
we can. Unfortunately, ve know that Congress and the 
public, as a whole, are not future-oriented, so this 
program option has little chance cf full implementation. 

The best that ve can hope is that it can be partially 
brought about. 

3. The two oblique foresight options — one seeking the 
primary emphasis to be on international funding and 
participation (No. 5) and the other seeking to deliber¬ 
ately nourish a potential information systems market 
for the United States (No. 6) — are now as viable as 
the middle route. True international coo, elation is 
extremely difficult to turn into reality, but on the 
other hand, too self-serving an approach implemented by 
any country is opt to meet strong resistance b> most of 
the other countries. We do feel that a reasonable 
market leadership in this area is a natural for the 
United States and should be supported by Government action. 

4. Program Option 3 (Reaction Program - Little Ice Age) is 
actually a spvJfic kind of foresight (No. 2) that predicts 
an immediate crisis (No. 1) at a future time. This parti¬ 
cular crisis, if it should appear to be coming (as the 
climate patterns are studied and experienced), has such an 

' overriding influence that it is prudent foresignt at least 

to develop long-lead precursors to the accelerated space 
activities indicated. 
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5. The Futures Commorality Program Option (No. 4) does not 
make as much sense as a commonality of opport mities as 
y it does as a commonality of haiaware and technology fv.r 

use in the systems that implement these opportunities. 

These hardware commonalities will be determined'at a later 
date when the characteristics of the system hardware items 
9 are better defined. 

TIME PHASING FOR THE SIX PROGRAM OPTIONS 

As has been mentioned, the process of studying and integrating world 
future needs and space program opportunities into options for a Spaas Indus tri- 
allaaiio'. program resulted in the selection of three futures, against which the 
seme 200 opportunities were measured. After much study, these were narrowed 
down to seme 50 ansnoi' appsi % ‘ unities. Each of these anchor opportunities 
applies scljdly to at least one of the futures cited and to several of the many 
important world needs that have been identified in the previous analysis. 

In essence, the first future (Immediate Crisis Orientation) assumes con¬ 
tinued preoccupation with short-term, more or less immediate results and implies 
less than desirable preparedness to counteract longer-term trends building up 
toward crises (i.e., a dificiency in investing m future options). 

the second future (Foresight) places greater emphasis on long-term 
orientation. The approach is one of more active future-shaping by counter¬ 
acting negative trends earlier and by building up options to aeal with future 
problems. 

The third future (Little Ice Age) assumes £- major change not under human 
control. The change postulated a 35-year cold period, causes the future situa- 
' tion to be dominated by tne need to rescond to a series of protracted and, for 
some time worsening, emergencies. 

In Figures 1 through 7, inulvidual definitions of the six program options 
are presented (one-by-one), each option is developed in a standard format, and 
the report is printed so that the program options can be studied individually 
in a convenient way without back-and-forth turning of pages. The top part of 
each Tiguri names all six options and shows how they stem from the futures, but 
still interrelate. The driving philosophy of eacn one is shown below the 
interrelationship chart. The resultant effect of applying that philosophy to 
the anchor opportunities is shown or. each right-hand page. 'The most important 
information on each set of pages is crowded into the center region of each 
right-hand page; note that in these sections are six options, 54 anchor oppor¬ 
tunities, five time-frames, three importance graoients, five level-of-effort 
gradient., — a total of almost 5,000 pieces of information for each option. 

The re.'ilts are summarized in narrative form in the boxes on the right. It is 
1 in realization of the complexity of understanding these options (without benefit 
of. spoken words or color) that the sheets were developed to put each option on 
just one page. 

The .dynamics of changes in eac’- program option take the non-linearity of 
the futures into account; that is to say, each accomplishment, or even commits 
ment, changes the subsequent frame of reference. Postponement of problem 
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solutions leads to a convergence of problems or crises later on, multiplying 
the number of new starts. Conversely, earlier option-generating vigor red ces 
the proliferation of new starts in the latter part of the reference period 
(1980-2010) and makes it possible to biild deliberately on earlier accomplishment 
Also, advances change the perspective. What requires much foresight or a big 
step in 1980 is less demanding on both counts in 1995. Finallv, the combina Ions, 
shown are the first layout. Adjustments may be made in the course of further 
analysis. 

There are two of the opportunities (Oil Spill Detection and Offshore Limit 
Monitoring) that have been marked out and one was deleted before the sheet was 
made up. Thase^are ones that initially seemed to be winners, but on detailed 
investigation of possible terrestrial alternatives did not show an economic 
advantage. 'Therefore, these opportunities were dropped out of all programs, 
but could be reinstated if the space systems that are designed primarily for 
other missions can accomplish these additional tasks at ver” little additional 
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4. BASIC PROGRAM - FUTURES COMMONALITY 


IN ACCORDANCE WITH THIS OPTION THF PUBLIC VIFWS OUR COUNTRY AS HAVING SO 
MANY PRESSING PROBLEMS THAT THEY DO NOT FEEL THEY CAN JUSTIFY SACRIFICING TODAY 
FOR A BETTER TOMORROW IN GENERAL. THE SPACE PROGRAM AND OTHiR LONG-LEAO TIME 
OPPORTUNITIES Will GET CONTINUALLY POSTPONED UNLESS THEY HAVE A CRISIS AURA. 
BUSINESS WILL DO WAT SHOWS NEAR-TERM PAYOFF. AND GOVERNMENT WILL SUPPuRT 
WHAT SEEMS TO BE A NEAR-TERM SOLUTION TO A RECOGNIZED IMMEDIATE CRISIS: AS THE 
FUTURE EVOLVES. NEW CRISES WILL DEVELOP THAT PRECIPITATE VARIOUS SPACf PROGRAM 
SOLUTIONS. BUT IN EACH CASE ONLY THOSE OPPORTUNITIES THAT CAN BE DONE REASONABLY 
QUICKLY WILL BE INCLUDED. 



Figure 2. Immediate Crisis-Oriented Program 
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1. IMMEDIATE CRISIS - ORIENTED PROGRAM 
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Figure 2. Immediate Crisis Oriented Program (Cont.) 
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« BASIC PROGRAM - FUTURES COMMONALITY 


IF THIS PHILOSOPHY IS FOLLOWED, THE IJN'TED STATE S-GOVERNMENT IS WILLING TO 
LOOK AHEAO FOR TWO OR MORE DECADES AND SUPPORT THOSE INVESTMENTS THAT ARE CLEARLY 
SHOWN TO BF DIRECTLY BENEFICIAL TO NATIONAL AND INTERNATIONAL INTERESTS THE 
NATIONAL FEEL IS ONE OF BASIC CONFIDENCE IN THE FliTUR 1 , BUT THE NECESSITY TO COPE 
WITH ENLRCY, PRODUCTIVITY, BALANCE-OF-PAYMENTS, AND NEEDS ARE UNDERSTOOD IN 
THIS FUTURE WE SEEK ALSO TO DEVELOP A STRONG SYNERGISTIC INTERRELATIONSHIP BETWEEN 
DEVELOPED AND DEVELOPING COUNTRIES FOR BOTH HUMANITARIAN AND BUSINESS REASONS. 

WE ARE DEDICATED TO HELPING WORLD-WIDE INDUSTRIALIZATION ON A PROGRESS CURVE 
THAT OUTPACES POPULATION CROWTH. AND TO DEVFLOP CUS'OMfRS WITH BUYING POWER FOR 
OUR HIGHER TECHNOLOGY PRODUCTS AND SERVICES 





Figure 3. Foresight Program 
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The foresight program 
recoqnizes tne advantage of 
lunar materials for earth 
orbit industrial reasons and 
moves lunar Industry forward 
In time. 


Figure 3. Foresight Program (Cont.) 
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4. BASIC PROGRAM - FUTURES COMMONALITY 


THIS TUTURE ASSUMES THAT DATA ARE AVAILABLE WHICH CLEARLY CONVINCE 
OUR POPULATION THAT A 30-YEAH CCCvPERIOD HAS BEGUN SUCH TH*T A 
WORLD WAR Il-LIKE NATIONAL MOTIVATION BECOMES REAL. AND SOMETHING u*£ 

10 PERCENT OF OUR GNP WOULD BE DEDICATED TO TERRESTRIAL AND SPACE INVEST¬ 
MENTS THAT ARE CLEARLY BENEFICIAL IN MITIGATING THE BAD EFFECTS UPON THE 
USA. 
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3. REACTION PROGRAM - LITTLE ICE AGE 
Tim6 Fume iao Cs)85 90 I 9 O sslss lo) 10 2s| | 


A 1 Direct Broadcast Education -US ! 

2 Diiect Broadcast Education - Devel Countries 
w3l8usiness Svstem Data Transfer 
A4|tlectrui..c Telecommuting 
| *5bortd Medical Advus Center ■ 

| (k6|Time and Navigation Ser/.ces 
S &7 implanted Sensor Oata Collector 
£ 68 National Information Services 
69 [Personal Commun'cations 
MOIElectromc Mail (Exd Package'' 
t Medical Aid and Information -US 

I mTe'poperatmn Fro m Sp are_ 

AljOil/Mineral Location 
dr2 Crop Measurement 
c 3|Oil Spill Oetectron 
= A4lOccen Resouiccs and Dynamic Syifei. 

£ *5Water Resource Map and Rudolf forecast 
Jj 6 Offshore Control Limit Monitormg- 
dr 7 Global Effects Monitoring (STO) 

ABIHigh Resolution Earth Mapping 
9 [High Resolution Thermal Mapping _ 

S 1 Isoenrymcs (Medical Diagnostic T ool) 

S. 2 Urokinase (Anticoagulant) 

o 31'nsjlm (From H u man Sour ces) _ 

ljlarge Crystals (Sire and Peilection) 
u 62 Super Large Scale Ihtegrated Cireu is 
| 3|New Glasses (Includmg FiberTjptics) 

S’ (!r< High Temppralure Turbine Blades 
£ 5|High Strength Permanent Magnets 
66|Thin Film Electronic Devices 
7[Continuous Rihbon Crystal Growth 


If there Is • reasonable possibility that a 
30 year let tit Ice Age has begun, the urgency 
.of beginning limed latel / on those space (and 
ground) activities that would mitigate the 
bad effects shows up In the rapid Implementa¬ 
tion of those Information trensmlttlor 

Snow can be combined Into a relatively few 
ectual space systems Anything that 'educei 
travel, saves energy, Increases productivity, 
or saves lives k«hen you can't get to the 
hospital! would be done as sorn as prudent 
engineering and prograomnucs allow. 



The products produced in this option 
will directly support the production 
and conservation of enerqv or in such 
energy-saving services as electronic 
telecommuting or education broadcast. 
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Human activities smplv r.do the coa 
.ails of a space program orders of 
magnitude beyond today's funding 


1 The lunar Industry Is_developed 
to support the rest of the spact 
| program, particularly Solettj. 


Figure A. Reaction Program—Little Ice Age (Cont.) 
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THIS PHILOSOPHY CALLS FOR A PLAY-IT-SAFE APPROACH THAT WARRANTS A 
REASONABLE INVESTMENT IN SPACE ACTIVITIES THAT ARE COMMON TO THE SASIC 
FUTURES IDENTIFIED. IT IS NOT STRICTLY NATIONALISTIC, BUT INTERNATIONAL . 
ASSISTANCE IS SECONDARY IN PRIORITY SINCE THE CRISIS INFLUENCES OF 
FUTURES 1 AND 3 ARE STRONG INFLUENCES. 
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4. BASIC PROGRAM - FUTURES COMMONALITY 



Figure 5. Basic Program—Futures Commonality (Cont.) 
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4. BASIC PROGRAM - FUTURES COMMONALITY 


THE DRIVING PHILOSOPHY IN THIS PROGRAM OPTION IS THAT FULL WORLD 
PARTICIPATION IN SPACE ACTIV'TIES WILL TEND TO EASE FRICTION AND FOSTER 
WORLD PEACE. A PRESS TO HAVE ALL COUNTRIES PARTICIPATE AND SHARE THE 
BENEFITS TENDS TO OVERRIOE PURELY TECHNICAL AND BUSINESS CONSIDERATIONS. 
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4 5£<*!C ? n CCo*“ - C LTURES CO'^O^JALSTY 


THE FUNDAMENTAL DRIVER IN THIS OPTION IS TO MOVE QUICKLY TOWARD THE GOAL 
Of PUTTING U.S. MACHINERY AND. EVENTUALLY. CITIZENS IN THE THREE OR FOUR MOST 
STRATEGIC CSO POSITIONS, WORLD WIDE. IN ORDER TO TEND TO CONTROL (AND KEEP 
AHEAD OF COMPETITION) THE SERVICES THAT ARE INDU r 'IAL OPPORTUNITIES IN THESE 
LOCATIONS. THE ORDER OF PRIORITY IS (i! CONTINENTAL UNITED STATES, (21 CONNECTING 
THE UNITED STATES AND EUROPE, (3) CONNECTING THE UNITED STATES AND THE FAR EAST.' 
AND (4) ASIA SUBTLE EXCLUSION OF OTHERS WOULD BE BY CONSISTENT lECHNICAL 
SUPERIORITY ANO TRANSPORTATION SYSTEMS 



Figure 7. Geosynchronous OrbTter Leadership—USA 
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6. GEOSYNCHRONOUS ORBIT LEADERSHIP - USA 
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ALTERNATIVE PROGRAM PLANS 


In Part 1 of the Space Industrialization study, the two contractors 
(Rockwell International and Science Applications, Inc.) worked separately 
without consultation or coordination of results. The purpose of this approach 
was to obtain two separate secs of recommendations from two different points 
of view. As it turned cut, the recommendations were surprisingly similar. In 
particular, both contractors advocated leading with services (called informa- 
cion in SAI reports), but including products (materials), energy, and human 
activities (people). 

A different philosophy was followed in Part 2. In this segment of the 
study constant coordination and integration was actively encouraged. Hence, 
for example, Parc 2 began with a two-day boiler-room session at Seal Beach 
with participants from both contracco.s and representatives from NASA. As an 
outcome of this first task a selected seL of program options (which are really 
alternative space industrialization plans) were derived.' Figure 8 summarizes 
Che basic philosophy of the three plans. Plan A is the most ambitious of the 
three. It is based on the assumption that Satellite Power System will be a 
reality, with many units produced for operation around the year~2000. Within 
Plan A is Plan A\ which uses lunar materials extensively in SPS transportation 
and construction- In Plan A2 terrestrial materials are used exclusively in 
the construction of the SPS. 

Plan_B assumes that SPS will be developed toward a 1987 decision point, 
but will not proceed to operational status. In this plan, the technology 
applicable to SPS (large structures, large power generation in space, etc.) ia 
available foe other space industrialization opportunities.-^ The design approach 
to hardware implemer.tatlwii of the opportunities is largely influenced by the 
SPS design and, of course, the cost of the technology development attributable 
to non-SPS activities is shared by SPS funding. 

Plan C assumes that SPS w<ll not be pursued beyond 1982 and, hence, the 
other opportunities must stand more on their own technology base. This, in 
turn, means that they are more nearly optimized toward their own needs. 

As Figure 9 shows, the three plans were an outgrowth of both Rockwell 
and SAI Part 1 work, but emphasizing the SPS influence. In each of the plana 
the product and service opportunities that were endorsed by both contractors 
at the end of Part 1 make up the anchor opportunities. (More products can 
probably be developed at very little delta cost, so these are representative 
products rather than being all inclusive.' 

In summary, these new space industrialization plans recognize that SPS 
dominates the technology requirements and will basically dictate the approach 
to hardware design if SPS is accomplisned on a time scale leading to a first 
operational unit in 1995. However, a thriving space industrialization program 
should occur even without SPS since the other. space industrialization oppor¬ 
tunities have enough merit that they easily stand on their own economic merit 
and pay back the investments required. 
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Figure 8. Space IndustrialIzatton Part 2 Alternative Plans 
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Individual definitions of Plans A^» A£» B, and C are presented in 
Figures 10 through 13. These definitions are similar to those presented in 
Figures 2 through 7; however, they are laid out in a slightly different way 
and the symbols have been simplified to a significant degree. The symbols in 
the figures are to be interpreted in accordance with the following node: 


R 

D 

0 

O' 


O'' 


Research 

Development 

Operational 

A step change in the operational facilities 
Another step change in the operational facilities 


A comparison between these figures and the ones that appeared previously shows 
certain striking similarities. However, the two sets of charts are not meant 
to be Identical. This is primarily because Figures 10 through 12 were con¬ 
structed at a different point in time, under the Influence of a fjller knowledge 
base, and in a cooperative manner with the help of SAI and the NASA contract 
monitors. 


A careful study of the symbols in Figures 10 through 13 clearly reveals 
the strong influence of the decision on whether or not to buxld the SPS. In 
particular, an early posiciva decision on the SPS will lead to large scale 
upgrading of our transports''ion hardware and to a greater concentration on 
manned space operations. In addition, a positive SPS decision results in an 
earner development of many unrelated hardware elements, particularly those 
that utilize large space structures. On the other hand (as is shown in 
Figures 10 through 13), the deletion of the SPS even in an early time frame 
does not result in a total devastation of the U.S. Space Program. There are 
many activities that will pay broad dividends in their own right whether or 
not SPS becomes a reality before we pass into the 21st century. 
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Figure 10. Plan - SPS Emphasis - Lunar Material 









Figure 10. Plan - SPS Emphasis - Lunar Material 
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Figure 10. Plan - SPS Eaphasis - Lunar Material (Continued) 
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Figure 11. Plan A 2 - SPS Emphasis - Terrestrial Materials 
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Figure 11. -^Plan A 2 - SPS Emphasis - Terrestrial Materials (Continued) 
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| Figure 11. Plan A2 - SPS Emphasis - Terrestrial Materials (Continued) 
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Figure 12. Plan B - SPS Development.to 1987 Decision Point (Baseline) (Continued) 
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Figure 12. Plan B - SPS Development to 1987 Der: 
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Figure 13. Plan C - No SPS Development Past 1982 (Continued) 
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Figure 13. Plan C - No SPS Development Past 1982 (Continued) 


ANChOR OPPORTUNITIES 


HUMAN ACTIVITIES 

MEDICAL AND GENETIC RESEARCH 
SPACE VACATION CRUISES (SHUTTLE FLIGHTS) 
- ORBITAL TOURISM (LEO HOTEL) 

ORBITAL THERAPEUTICS 
ENTERTAINMENT AND ARTS 


LUNAR 

UNMANNED EXPLORERS 
LUNAR ORB I TER 
LUNAR BASE (SCIENTIFIC) 
LUNAR INDUSTRY 


80-85 


SUPPORT ELEMENTS 


FUNCTIONAL 


SHUTTLE/SPACELAB 

0 

LANDSA1S/SEASATS 

0 

COMSATS 

0 

, PUBLIC SERVICE PLATFORM 

D/O 

LEO BASE 

D 

GLOBAL WEATHER AND RESOURCE BASE 

D 

LUNETTA (DEMONSTRATION) 

D 

SPS 

R 

POWCRSOLETTA 

R 

TELEOPERATOR (GSO) 

0 

TRANSPORTATION 


SHUTTLE t IUS/SSUS 

0 

HLLV (SHUTTLE WITHOUT ORBITEA) 

D 

LOW-THRUST OTV SEPS (OR CHEMICAL) 

D/O 

OTV (LARGE CHEMICAL) 

R 

MOTV (FPOM ABOVE) 


HLLV-11 (SPS SIZC) 

R 

CISLUNAR TRANSPORT 

LUNAR ORB IT/SURFACE SHUTTLE 

1 

















| Rockwell International 

Space DJvtewn 


IMPLEMENTING CONCEPTS - RECOMMENDED PLAN (SPS TECHNOLOGY) 


The implementing concepts ''or the envisioned space industrialisation 
activities are summarized in Figure 14. These activities correspond to 
Program Plan A in which the decision point on whether or not to proceed on 
the SPS development occurs in 198 7 , after significant developmental programs 
have taken place. In the years between now and then, we believe that the best 
overall strategy is to push toward an SPS capability while capitolizing on as 
many highly visible benefits as possible along the way. 

As can be seen. Figure 14 is divided into three time frames — each span¬ 
ning a 10 year interval. In the first 10-year interval, the center of activity 
is in low earth orbit and we use the Shuttle to its fullest extent including 
adding a 25-kw power module that can be left in-orbit. We establish a public 
service platform and a global weather and resources base, both of which provide 
worldwide benefits. We eventually establish a facility in low earth orbit that 
is a construction base, a space factory, and space operations center. We learn 
to build large structures"as a step toward SPS and put this to good use as we 
make multi-hundred kilowatt power modules, and build an operational Lunetta 
system. 

In the second 10-year interval (the 1990’s), the capabilities of the space 
factory, public service platform, the solar terrestrial observatory, ana also 
bring into initial operation a satellite power system (or fu3ion or Poversoletta). 
Beyond the year 2000, we utilize the moon to furnish oxygen and materials for 
massive energy-related projects at the geosynchronous altitude. 

The chart also shows transportation additions. The 1980's need only the 
Shuttle and modifications thereto. A low-thrust inter-orbit propulsion system 
also is needed. In the late 80's or early 90's, we develop a large chemical 
upper stage, capable of transporting man tc the geosynchronous orbit but hol 
initially used in that mode. The big investment, however, is a uew heavy lift 
launch vehicle (in the size range needed by the SPS) and its corresponding 
launch facilities. Beyond the 90's this becomes fully operational and addi¬ 
tional transportation hardware is needed to ferry cargo from the moon to tne 
geosynchronous altitude. 

The mainstream of benefits in the 80's is the services area' both 
Information and observation. The world clearly benefits in education, health, 
and conservation of resources, and productivity. Lunetta now serves many cities 
and Is on call for special situations. 

In the 90's, we move to operational status — a solution to the basic 
energy scarcity problem. Beyond the year 2000 we make energy from our space 
installations the major worldwide energy source. Throughout the entire program 
we continue to expand services, make new products, and move toward full under¬ 
standing, prediction, and localized control of our weather and climate. Most 
importantly, people get increasingly involved with space, first by receiving 
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directly benefits such as information and light, but later on by direct parti¬ 
cipation in the space activity itself — even to space travel. A government/ 
industry partnership-for-growth develops between developing and industrialized 
countries, between the scientific and the academic community and commercial 
interests, and between space and terrestrial activities. 



Figure 14. Space Industrialization Time Frame Summary 
Program Options 

The hardware elements that are sketched in Figure 14 can be conveniently 
divided into six different categoiies: 

1. Shuttle-Tended and Space base Facilities 

2. Space Processing Facilities 

3. Geosynchronous Orbit Facilities 

4. High Indication Orbit Facilities ' 
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5. S?S Development Hardware 
y 6. Transportation Elements 

These six categories of hardware and their associated operational procedures 
will be discussed detail in the next six major subsections. 

SHUTTLE-TENDED AND SPACE BASE FACILITIES 

The first step in any major space industrialization effort must involve 
the intensive use of the Shuttle transportation system's unique operational 
capabilities, 'in particular, the Shuttle's ability to carry large two-way 
cargos into space will be necessary in developing economical space manufactur¬ 
ing and processing operations. In addition, its abilitv to refurbish and repair 
orbiting satellites will significantly enhance the reliability of many space 
activities that might otherwise be of, at best, only marginal. However, 
despite the importance of the Shuttle's operations to the space industrialisa¬ 
tion efforts, its role was not intensively assessed in the present study effort. 
This early part of the study was purposely held to a minmum because of limited 
funding levels and because many other studies have devoted much mors abundant 
resources of time and money to studying the Shuttle's potential operations. 

For example, the NASA/ASE Engineering Systems Design Summar Faculty 
Fellowship Program* which was recently conducted by the College of Engineering 
at the University of Alabama, investigated the promises of Shuttle-tended 
orbiting facilities in a highly detailed manner. It was the conclusion of 
this study team that a powerful program could be ushered in by the Shuttle/Skylab 
combination arid that these relatively 3mall beginnings could evolve into a 
far-reaching evolutionary program that would include a small space station, a 
space construction base, and orbiting support'facilities. The sketch In 
Figure 15 was extracted from the final report published by this specialized 
study team. As can be seen, it previews an ambitious and forward-looking 
program that includes many early elements m common with the early Space ' 
Industrialization program. 

Another detailed look at the possibilities that could emerge from early 
Shuttie-tended space facilities has been conducted l>/ Rockwell International 
These advanced space station studies produced an evolutionary program which 
quickly expands from the early Shuttle sorties and Spacelab missions. The 
material to follow was extracted from the documents that were published as a 
result of this extended study. 1 

Modular Facilities 

Both MDAC and the Rockwell in-house Space Station studies concentrated on 
a modular approach whereby each module is Shuttle Orbiter compatible for launch 
and also for retrieval and return to earth if this becomes necessary. As fa*- as 
the space-Industrialization study is concerned, these designs are considered 
representative and are as good a basis for overall costing as anything available. 
* Planning for Materials Processing in Space , University of. Alabama Summer 
Faculty Fellows in Engineering Systems Design, Grant No. NGT 01-002-095 
(September 1977). 
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MDAC Modular Space Station 

Both the MDAC and Rockwell studies began with a Shuttle-tended module In 
which the Orbiter provides all crew support and built from that to a continuously 
manned station! The following is taken from the MDAC report* and is a summary 
of their system. 

For the Shuttle-tended SCB concept, the initial 3tep in the buildup will 
consist of transporting the power module to orbit and deploying the sclar arravs 
and radiator systems, then, the space construction nodule will be attached to 
the power module as shown m Figure 16. The power module will supply approxi¬ 
mately 38 kW at the bus location. Also, the configuration is optimally oriented 
with regard to the sun-solar array aspects as well as minimum drag considerations. 
The orientation is adequate for both low-and high-beta angle situations. Tins 
concept ts further illustrated in Figure 17, in which the Shuttle-tended mode 
is shown supporting construction of the antenna system. 


MDAC 


Figure 16. Shuttle-Tended SCB Concept 
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.■* j POWER MODU 
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•37 KW, TOTAL CAPACITY 


For the continuously manned mode of operations, a construction shack is 
delivered into orbit. With this addition of the construction shack; the space 
construction base would have tne capability of being continuously manned. As 
shown in Figure 18, construction of the 30m torus radiometer could be under¬ 
taken and, with the construction of the 250 hW power platform the antenna 
could be completed followed by its testing and subsequent return to earth. 

Spacelabs can be brought up and berthed to the construction shack at 
opportune times. Hence, the continuously manned construction base can replace 
the Orbiter as the support vehicle and, since orbital duration is unlimited, 
greatlj increase the Spacelab mission capability. Thus, continued utilization 
of the existing Spacelab hardware and operational program structure is ensured. 


Tie internal layout of the space construction module concept is illustra¬ 
ted in Figure 19. The module arrangement is aominated by the crane turret and 
berthing ports. Facilities for construction/test support while adequate are 
not extensive. 


*Space Station Systems Analysis Study, Part 3: Documentation, Vol. 1 Executive 
Sum mary , McDonnell Douglas Astronautics Company MDC G6922 (July 1977). 
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BERTHING PORT 
STATUS PANELS 



Figure 19. Space Construction Module Concept 


Facilities for construction control and crew support systems (not shown) 
occupy the opposite side o' the module. These include display and control 
modules, the microfilm retrieval unit, printer, schedule status panel and 
battery charging/gas repleiishment equipment for the Orbiter suit maintenance 
and the life support systems. There is also a floodlight system which has been 
sized to illuminate a 1,000 surface area with an intensity of 216 lumens/m' 1 
during the approximately 36 minutes of darkness per orbit. These units will 
require 5 kW during operation. For completeness, the berthing/docking port 
lighting, work position lighting tracking lights, and safety lights have also 
been evaluated. 


The module, as presented, is not a stand-alone concept. As described 
earlier, it requires either the Orbiter or the construction shack and either 
the power module or power platform to provide subsystems and resources for its 
operation. As such, it serves as an adjunct to the major SCB elements witli the 
sole purpose of supporting construction. This approach results in a low-cost 
system while providing the necessary flexibility to support other program 
options. 


Continuous manning will eventually be required to permit long periods of 
uninterrupted work, as in the space processing area, and to reduce the cost per 
manhour in orbit by reducing transportation costs through longer staytimes. 

This requires more habitability services fer the crew than dan be provided by 
the Orbiter alone. 


The cons 
approach for 
performance. 
EVA hatch, a 


truction shack module (Figure 20) represents an austere low-cost' 
crew quarters and facilities without compromising crew safety or 
As shown, the module contains a two-man Orbiter airlock with an 
control compartment, a wardroom and exercise area xn the region of, ,t_ 
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BULKHEAD • FIVE CREW 



tne berthing ports, and crew sleeping quarters. Storage racks provide space 
for 60 to 90 days of consumables for a seven-man crew. The module has two 
pressurizable compartments separated by a common bulkhead. 

Rockwell Modular Space Station 


The following was taken from the Rockwell in-house Space Station study 
(Report SD77-AP-0127) 

Gen_ral Design Requirements 

The Shuttle Orbiter is the transportation system utilized to place elements 
into low earth orbits. Consequently, all design concepts must be compatible 
with the Shuttle as to size, weight, c.g., location and orbit altitude. The 
maximum size of an element that can be carried as an Qrbiter payload is illus¬ 
trated in Figure 21. The size indicated (48 feet) assumes that the Orbiter is 
docked to an orbiting element or space station with a maximum diameter of 15 
feet and that the element in the Orbiter payload b3y must be extracted past 
this item. The extraction clearances considered adequate for tjiis maneuver are 
also shown in the figure. The maximum length Dayload when the orbit requires an 
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MODULE SIZE LIMITATIONS 



Figure 21. Shuttle Orbiter Physical Constraints p^GE lb 
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OMS kit for proper orbit insertion is shown to be 39 feet. An additional 
5 feet can be added to the length of the module when no rendezvous maneuver 
docking to another orbiting element is required. The maximum module length, 
therefore, can be 53 feet with no OMS kit or 44 f eot with an OMS kit. 

Figures 22 and 23 show the parametric charts that were developed to 
determine the maximum payload tfiat can be placed in orbit and observe the 
acceptable c.g. location. The payload density was also verified. The maximum 
density of 10 lb/ft 3 was considered to be the upper limit so that all payloads 
should be less than that number. Since most of the orbit operations are planned 
for the 250 N. mile lange of altitudes, the principle concern was to generate 
data at this range of altitudes. Table ] summarises the data obtained from 
the charts. A^uniform weight distribution was assumed for the modules, _here- 
fore, the c.g. location of the module was in tb'. center of the module. These 
charts provided a first cut approximation when determining the feasibility of 
launch to altitude of element concepts. 

Extended Duration Orbiter (EDO) 

The early periods of space industrialization use extended duration Orbiters 
for missions up to 90 days duration, with crew compliments up to seven crewmen. 
Certain modifications are required in order to accommodate the crew, provJ de 
electrical power and ac'.ept operations for these periods. The following text 
will describe the effort accomplished in a separate IR&D study for defining the 
Orbiter requirements for extended duration missions. The items that were 
investigated were those of habitability, consummacles storage volume and water 
requirements, electrical power requirements, and EVA influence.. 

Habitability . The Orbiter crew cabin is designed to accommodate four 
crewmen and has dedicated storage volume for 42-man days. Consequently, when 
mission durations exceed the baseline capability, additional provisions must be 
made. Accommodation of the crew involves the free volume per man, consumable® 
storage and water quantities for drinking and washing. 

Free Volume. What is the acceptable free volume per man for missions up 
tc 90 daysT Previous studies by NASA 1 * 2 have addressed the question and the 
results applicable to the extended duration Orbiter operations are shown in 
Figure 24. This figure indicates that the available volume per man for a 
seven-man crew — 120 ft 3 /man becomes unacceptable fo. mission durations longer, 
than 15 to 20 days. No constraint on a four-man crew is indicated. The free 
volume of 12C ft J /man includes both the upper and mid-d^ck volumes of the 
Orbiter. The activities chat were evaluated to derive the curves of Figure 24 
are listed in the upper right corner of the figure and represent all of the 
known activities that would be performed during a typical mission. However, 
the activity of concern for the EDO are those items associated with perconal 
activities and sleep and privacy. These activities are assigned to the mid-deck 
area of the baseline Orbiter. Therefore, the volume of this area of activity 


Eraser, T. M., The Effects of Confinement as a Factor in Manned Space Flight . 
NASA-CR-511 (1966). 

2 Fraser, T. M., The Intangibles of Habitability During Long Duration Space 
Missions . NASA-CR-1084 (1968). 
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Figure 23. Shuttle Orbiter Weight and Balance 
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Table 1. Module Sizing Summary 
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only will be used in determining an acceptable volume per mar. for the personal 
activities and sleep and privacy functions. Figure 25 indicates the volume/man 
available for two arrangements of the mid-deck. The baseline four crewman 
Orbiter provides 95 ft^/man for the activities in question with only 67 ft'*/man 
for a crew of seven with the airlock in. A volume per man of 84 ft 3 is available 
when the airlock has been removed from the mid-deck and placed into the payload 
bay. The 84 ft 3 /man is considered to be marginally acceptable. However, sleep 
provisions are available per the baseline for only four crewmen. Additional 
facilities must be provided when more than four crewmen are on board. For this 
discussion, we are assuming that each crewman will have his own sleep and 
privacy provisions rather than share provisions. For missions of 15 to 20 days, 
sleep arrangements as shown in Figure 26 may be acceptable. However, for 
missions greater than 15 to 20 days, sleep arrangements in a separate pressuriz- 
ablc module placed in the payload bay is recommended. The mid-deck, area of the 
Orbiter would be arranged as shown in Figure 27. This arrangement provides a 
volume per man figure essentially equivalent to that provided by the baseline 
Orbiter for the four crewman — 65 ft 3 /man for four crewman, baseline arraigement, 
versus 70 ft 3 /man for the seven crewman arrangement. The sleep and privacy 
accommodations of 30 ft 3 /man provided in the baseline Orbiter will be maintained 
for all mission durations. Consequently, a nominal figure of 100 ft-/man for 
personal activities and sleep and privacy functions is recommended for all 
nissions. 

Consumable Storage Volume. The baseline Orbiter has dedicated storage 
volume for 42-man days supplies. Additional volume m"st oe provided for consum¬ 
ables storage when mission durations exceed ;\e baseline. The amount of volume 
required tor the various items included in. 3 supplies manifest is shown in 
Figure 28. The manifest includes the contingency supplies as well as'the 
normal operations .upplies. The manifest is also separated into fixed items 
that arc purely crew dependent and those that are crew/time dependent. Figure 29 
is a parametric chart developed from the manifest with weight and volume versus 
mission duration relationships indicated. The basic Orbiter utilizes LjOH as 
the C02 removal agent. However, because of the large volume required for 
storage of the L^OH canisters, the introduction of a CO2 regenerative concept 
such as a solid amine or MOL Sieve concept for long-duration missions become 
effective and this influence, therefore, is also represented on the parametric 
chart. 


An unallocated volume of 73 ft 3 exists in the baseline Orbiter stowage 
volume. In determining the amount of pressurized stowage volume required for 
extended duration missions, this unallocated volume is used as consumable 
storage volume. Figure 30 indicates the volume required over and aoove the 
42-man day baseline Orbiter allocated volume required for consumables storage. 

Because both the sleep and privacy volume and the consumables storage 
volume are required to ue.in a pressurized mode, these two requirements can 
be integrated.' The concept of utilizing a short spacelab structure for this 
function was investigated. It was determined that the spacelab module in 
conjunction with the 73 ft 3 of unallocated orbiter stowage volume io suffi¬ 
cient to accommodate a 90 day mission duration with seven crewmen. A oketch 
of this arrangement is illustrated in Figure 31. Sufficient volume is 
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VOLUME AVAILABLE FOR PERSONAL OPERATIONS 


o BASELINE ORBITER 

oWITH AIRLOCK 

30 FT 3 /MAN - SLEEP/PRIVACY QUARTERS 
. 65 FT 3 /MAN - 4 MAN 
o 37 FT 3 /MAN - 7 MAN 


o WITH-OUT AIRLOCK 

• 30 FT3/MAN - SLEEP/PRIVACY QUARTERS 
‘ • 95 FT 3 /MAN - 4 MAN 

• 54 FT 3 /MAN - 7 MAN 



* 4 MAN-ACCEPTABLE FOR ALL MISSION 
8 7 MAN 

* SHAJ8ID BUNKS 

o UNACCEPTABLE FOR > 10 - 15 DAY 
MISSIONS 



• 4 MAN-ACCEPTABLE FOR ALL MISSIONS 
o 7 MAN 

o ACCEPTABLE VOLUME 

• SHARED BUNKS - UNACCEPTABLE FOR 
, >10 - 15 DAY-MISSIONS 


Figure 25. Orbiter Free Vplume 
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RECONFIGURED CREW MODULE FOR MISSIONS > 10-15 DAY DURATION 
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DURATION - DAYS 


CONCLUSIONS: 

© PERSONAL ACTIVITIES VOLUME OF * 100 FT 3 /MAN (70 FT 3 -PERSONAL 
OPERATIONS, 30 FT 3 SLEEP & PRIVACY) SHALL BE PROVIDED FOR 
ALL MISSIONS. 

o NO SHARING OF SLEEP/PRIVACY QUARTERS FOR MISSIONS 
GREATER THAN 10-15 DAYS. 

Figure 27. Orbiter Fr:e Volume 








Figure 28, Extended Duration Orbiter Supplies 








Figure t9. Supplies Weight & Stowage Volume 
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CONFIG CHARACTERISTICS 
a EPS 
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Figure 30. Electrical Power Augmented Orbiter - 90 Da> Mission 
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Figure 31, Baseline Orbiter - J5 Day Mission 
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available in the orblter crew cabin to accommodate a 15 day mission with seven 
crew man. The orblter arrangement for this mission also is shown in Figure 31. 
For mission durations between 15 days and 90 days, seven sleep and privacy 
quarters can be provided in a separate module such as the Spacelab concept. 

The nodule can also be used to store the consumables with its full capacity 
not being utilized until the 90 day seven man mission. 

Crew Hater -Quantities. The crevr4kateiyUig and wash water is provided by 
■ loel dells~The quantities of water required are shown in Figures 32 and 
33 in relationship to the fuel cell operation. Figure 32 shows that sufficient 
water is generated during normal baseline fuel-cell operations to accommodate 
four men for approximately 60 days. However, if a sever-man crew is present 
then it will require additional cryo tank sets for missions greater than 30 
days. Figure 33 indicates that the f uel cells need not be generating more than 
2 VW to 3 xW of power to supply the tc^al crews drinking and wash water require¬ 
ment. This data does imply that regardless of the operational procedure of an 
EDO, i.e., utilizing supplementary power via a power module, the fuel cells in 

the Orbiter must continue to be operated at the 2 kW to 3 kW level 1 q order to 

provide the water even when it is not required for electrical power. 

Electrical Power. Figure 34 illustrates the Shuttle Orbiter electrical 
power 1 capability. Seven cryo kits can be installed under the payload bay lines, 
thus permitting total volume utilization of the payload bay. This arrangement 

will also provide 7 KW continuous power to the payload up to approximately 

11 days. Missions requiring larger durations also require additional cryo 
kits. These additional kit3 will be placed in the payload volume thus re¬ 
ducing that available for payloads. The reduction in available payload 
weight as a function of mission durations and cryo kits required is shown 
in Figure 35. - The observation to be drawn from these two charts is that 

for mission durations greater than 11 days, augmented power in the form of 
an Gcbiting power module would be desirable. This arrangement would permit 
total utilization of the payloud bay. Figures 36 and 37 show con¬ 
figuration concepts for a 30 day and 60 day orbiter utilizing the augmented 
power. 

Extra.Vehicular Activities (EVA). A very general analysis was performed 
to determine the affect on the Orbiter stowage volume if the number of EVA's 
exceeds the Orfcitera baseline facilities. The influence of more than two crew¬ 
men performing EVA was also investigated. Figure 38 illustrates the various 
Orbiter configurations from which EVA could be performed. The figure also 
indicates the amount of consumables required for each airlock pressurization, 
and the volume required for each additional extravehicular mobility unit (EMU). 
Forty-five pounds of consumables is required for each additional airlock press¬ 
urization which occupies 2.5 ft^. This volume is not required to be in a 
pressurized environment since it represents tankage volume. However, the 
11 ft^ required for each EMU is pres-urized volume, and must be accounted for 
along with the additional volume required for extended duration missions habit¬ 
ability considerations. 
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Figure 35. Reduction in Payload Landing Weight for Extended Mission Durations 
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Space Station Configuration 


The functional elements required to support space sciences and construc¬ 
tion, and the build-up sequence of these elements, are illustrated in Figure ^9. 
The early years utilise the extended-duration orbiters; this was described in 
the previous section. The elements required are: (1) a power module, (2) a 
mission equipment module, (3) a cargo module, (4) a core module, (5) a habita¬ 
bility nodule, and (6) a combination habitability and laboratory module. 

Power Module, The first element required is a power module. This module 
provides power to the extended duration Orbiter as discussed earl5er. This 
module also has the capability to become the initial element In the Space 
Station. Consequently, the module trust contain those subsystems that will 
provide it with the capability to remain in orbit, i.e., GN&C, RCS, thermal, 
etc. The Initial power-module is sized to produce 2b kW continuously with the 
capability to increase the power output to 50 kW. A typical power demand is 
illustrated in figure 40. Two sizing concepts were investigated. The first 
concept would put the largest module in orbit, but only dep^q^.^waugh airayt* 
meet the demand. By this concept, one size solar array only would be developed 
and would replace the initial array when required. This concept proved to be 
inefficient as illustrated. The largest array possible to place into orbit by 
t*w> Shuttle could only provide three years of service even when sequentially 
deployed. 

The second concept investigated provides a 25 kW solar array in the first 
3 years and another module with a 50 kW capacity is placed into Orbiter for 
a 7 jear period. The latter concept was pursued and the configuration of the 
initial module is illustrated in Figure 41. 

Mission Equipment Module . This module was developed to provide facilities 
for various operations. The major areas of operation were the containerless 
processing facilities used to produce crystals, a biological processing facility 
a direct solidification marufacwuring facility used for the production of 
magnets, and a life sciences facility. Supporting services for these major 
functions included a biological analysis facility, a common data analysis 
console, a photo lab and film viewer, and an optical calibration laboratory. 
Consoles for sensor control of solar terrestrial observations was also provided. 
The module was designed to accommodate expansion of the major operations 
facilities. Figure 42 illustrates the facilities arrangement in the module 
and the changes as required for the increased operations activities. The final 
stage of the facility has additional storage capability as the driving require¬ 
ments. This requirement was accomplished by placing the life sciences facility 
in the second habitability nodule. The additional volume created by the 
removal of the life sciences facilities provides the additional volume re¬ 
quired for operations storage. The module is pressurizable and is designed to 
be operational in a shirt sleeve environment. All of the atmospheric control 
is provided by the Orbiter in the early phases of the program and later by the 
Space Station. The heat rejection is provided by the module with radiators 
around the outside perimeter of the module. 







Figure 39. Space Station Build-Up 
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Cargo Module . The requirement for a cargo module was first imposed in the 
program to support the mission equipment module. This module is utilized to 
transport materials and supplies for the operation of the space processing 
facilities within the mission equipment module. The module also provides v the 
means of returning the completed products to earth. The module is pressuriz- 
able and operational in a shirt sleeve environment so that it is compatible 
with the mission equipment module and power module. 

This same cargo module will be outfitted as a pantry unit to be used as 
part of the Space Station complex. This concept appears later in the program. 

The configuration of the module is illustrated in Figure A3. All of the 
consumables necessary to operate the Space Station is carried in tne cargo 
module including watei and nitrogen. 

Core Module . The core module is required when the space activities 
indicate the need for a permanently-habitable facility. The core module 
provides the attaching facility for the habitability nodule and cargo module 
with provisions for future growth of both increased crew and increased opera¬ 
tional facilities. 

The core module provides the passage way between the modules. An EVA 
airlock located in the center of the module separates the module into two com¬ 
partments. This separation provides the two pressurizable volumes that permit 
a safety retreat for emergency conditions. By outfitting tne one compartment 
adjacent to the power module as an emergency volume containing emergency food, 
hygiene, and four sleep provisions, two independent habitable volumes arc cre¬ 
ated. The-first habitability module is placed on the'core module that is furthest 
from the power module. The arrangement is shown in Figure AA. 


-The core module also contains a 25 KW secondary power installation uti¬ 
lizing fuel cells and electrolysis units. This power installation plus the - 
25 KW power capacity of the power module provides the capability of a 50 KW 
system. Redundancy is also provided with this arrangement. 

An RCS cluster is also provided in the core module to supplement the unit 
in the power module. The 1?2 and O 2 propellant for these engines are provided 
from the electrolysis units. 

H abitability Module . The first of two habitability modules required is 
configured to provide accommodations for nine crew. "" » arrangement of the 
module is illustrated In Figure A5. In addition to the crew accommodations 
a central control console is installed. Ibis console controls and monitors 
all subsystems. 

The. module is divided into two compartments identical to the mission 
equipment module. The lower compartment contains the ECLSS subsystem, and 
the water management system. This module provides the atmospheric control 
for the total station. Radiators on the surface of the skin "provide the heat 
rejection capability for the subsystem equipment. 






Figure 43. Cargo Module 


Rockwell International 



























} Rockwell International 

Space Dmson 


A second habi.cabili.cy nodule - Figure 4 6 , is planned for later in tne 

program. Hus module is required co accommodate additional crew - up to 
twelve total. This module is outfitted to accommodate six crew vi-n the life 
sciences and medical treatment facility. While the first nebicabilicy module 
is reconfigured to accommodate the other six crewmen and upgraoe tne galley 
and dining areas co accommodate the total crew of twelve. 

The lower section of the second habitability module also contains the 
ECLSS and water management subsystems, thus creating a redundant arrangement 
within the station complex. This second habitability module is piacea on the 
opposite side of tie airlock from tne first nabitability nodule. This arran¬ 
gement therefore provides equ..alent functions in eitner preesuricablu volume. 

Commonality . Of the six modules- just described, four have identical 
shell structures - habitabilitv modules, cargo module and ai-ssio'i equipment 
module. Tne cargo oodule is shorter than che habi abilit. oodule — i6 foot 
versus IS feet — nut the basic shell is identical. T! e core module and cue 
power module have identical s.tell structures. Therefore, onlv two different 
types of s’.ell structures are required. 

Space station Complex . Tin Space Station that evolved from this program 
has the capability to accommodate a crew of twelve, has 50 xW of electrical 
power available snd accommodates various space processing activities, and -o v 
functions of the -olar terrestrial o.'<ervato,\ functions. M tne eleven 
berthing ports available, two are utilised for the habitabilitv modules, two 
ports are assigned to cargo module beitiling, one port accommodates tne space 
processing facility, one port accommodates the solar terrestrial sensor package, 
and one accommodates a 10-neter di..meter solar terrestrial anteiuue. One port 
is also allocated for Orbiter oerthinc. ' Two ports, therefore, are unassigned 
and can be utilized for berthing other nodules and as servicing ports for free 
living modules. 

Space Station Facility tal i g the Shuttle External Tank 

The use ot the bhuttle external tank fLT) as a space station element was 
also studied in-house by Rockwell and was the configuration recommended by 
Grumman in their contracted bpace Station studies* Also, the University of 
Alabama Summer Study at MsFC recommended use of the ET, 

Grumman Space Station 

The following w'as taken from the Grumman report* and is a summary of their 
system. The key feature of their concept is that the ET is used as a con¬ 
struction atrongback and no use is made of the internal voiure of the ET. 

The process of growth of the Space Station is illustrated in ligure 47. 

An Orbiter orings its external tank into orbit instead of jettisonu g it prior 
to orbital insertion. The tank has been modified externally before launch to 
*Space Station Systems Analysis Study , Final Report," Executive Summary, 

Grumman Aerospace Corporation Report No. NSS-SS-RP022 (July 27, 1977). 
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Figure ^7. SCB Early-Tended Growth Sequence 


provide anchor points and two rails for the mobile Cherry Picker. Once tne 
Orblter/tank ia docked to the iP'l, the Cherry Picker carriage Is deploved and 
attached to the rails of the external tank, u->ing the Orbiter K.MS. Then the 
remainder of the Cherrv Picker is assembled to its carriage. The Cherry Picker 
is then used to build a short extension tower on the aft end of the t<uik and 
relocates the initial power module (IPM) solar array and its original tower 
there, adding a titth SEPS-type solar array in the process. / 

A total of three flights, including thac for the IPM completes the growth 
to an early-tended space construction base (SCB) with laboratory and habitation 
modules. 

The following four kev technical and programmatic features result from 
our approach in defining the growth from IPM to tended SCB: 

1. Increase mission capability by adding the construction system 
betore the proi’isions for further space manufacturing development. 

Tliis alternative was chosen for two reasons: 

o Construction activity permits increased SCB power, 

SPj development, anu public service platform (PSP) 

o Two main construction system elements have more than 
construction functions — the external tank workbench 
7 provides a rugged, large area, structural spine on 

which all subsequent additions accrete and the 
Cherry Picker provides far-reaching mobility for all 
external operations 

2. Meet the steadily increasing power demand by building an advanced ■ 
power module rather than adding more SEPS-type solar arrays. This 
choice promotes the development of lighter, lower cost, automatically 
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fabricated thin-film solar blanket. .'In addition, it provides 
synergistic support for Che SPS Develrpnent Program, with light 
space structure fabrication and assembly experience, and by 
making available a power module building block suitable for 
space power development assembly (SPDA) multiple assembly. 

3. Use 7-m long Spacelab modules, suitably modified as pressure 
modules for laboratories, habitation and subsystems in both 
LEO and GEO. A new 10-m long module would allow more flexible 
internal arrangements but the Spacelab module costs about 
$130 million less. 

4. The external-tank workbench concept is chosen for the space 
platform on the basis of its: 

a Rapid availability after launch 

e Strength, rigidity and size 

9 Precision mounts of rails and hard points 
e Large external parkitig area 

e Linear inertia characteristics favoring 

gravity gradient flight 

e Ia>u Payload weight penalty and zero payload 
volume penalty 

a Potentially useful internal volume 

In the following subsection we review the early construction activity, 

Chen describe the major features of the construction system. 

Construction System 

The construction tasks occupying the mid 1980's are summarized in 
Figure 48. Starting in early 1986, the tended SCB, powered by SEPS solar 
arrays, constructs an advanced power module (APM). Upon completion, this 
first APM of 250-kW 118-v solar output takes over the SCB power supply duties - 
from the SEPS arrays. Following this, SPDA No. 1 is constructed, tested while 
still attached to the SCB, and then launched as a free-flyer for further tests 
in LEO. At this stage, SPDA No. 1 incorporates development antennas' and a 
pair of 250-kW Al’M's, running at 20/40 kv. While these tests continue, PSP 
No. 1 is assembled, checked out, fitted with interim upper stage (IUS) solid 
rockets, and despatched to its operating station in GEO. Next, with an in¬ 
crease of construction tempo at the starL of the manned SCB phase, three more 
pairs of APM't: are fabricated, then, driven by their own flight contrel/propul- 
sion subsystems, ferried to the free-flying SPDA and docked to it. When this 
assembly demons'cration is complete the SPDA, now grown to the 2 Mw power level, 
is propelled by an IUS SHI to GEO, unmanned. 

The heart of the SCB construction system is the single modified external 
tank. See Figure 49, The tank modifications — carried out on the ground 
before STS assembly and launch — are relatively simple. T hey consist pf the 
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Figure ~8. SCB Construction Activity 



Figure 49. External Tank Structural Modifications 
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following additions, running approximately the full length of the tank, 
o Two rails for the Cherry Pickers 

o Six general purpose mounting rails with pickup points 
at rigular intervals 
e Two power bus trays 

o One cable tray 

As shown, the total weight of these modifications is about 2,600 kg 

including contingency. When a similar weight is added, which represents the 
payload reduction penalty previously described for bringing an exteiral tank 
all che way to the 396-ko/28-l/2° orbit, the total equivalent payload weight 
for tins 45-m long workbench is 5,200 kg. 

During Part 2, we concluded that the great majority of structural com¬ 
ponents to be handled by che Cherry Pickers would fall below 1,000 kg mass. 

On this basis, a maximum load at the tip of the end effector of 980 newtons 
(100 kg force) represents little or no inhibition on the sneed of construction. 
The.Cnerry Picker rails have been sized for three times this load and the loads 
have been carried through to the major tank frames (- 6 m apart) without 
depending on the smaller, intermediate, frames (see Figure 50). 

By mounting these rails on the tank as a ground factory task, potential 
alignment/waviness problems of space assembly of a rail track vull be avoided. 

The Cherry Picker carriage (see Figure 51) captures these rails between 
fcur pairs of wheels and translation along the track provides the first of 
twelve degrees of freedom available at tne manipulator end-effector wrists. 



Figure 50. Cherry Picker Rail Installation 
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Figure 51. Cherry Picker 


A pressurized bubble mounts the two short manipulators and provides a 
shirt sleeve environment for the Cherry Picker operator. Access to the 
bubble is through a berthing port which can be positioned and joined to a 
similar port in che tunnel attached to the accommodations module. 

As shown earlier, the automatic fabrication module or ! sar. i r t.' Id*?? is 
mounted athvariships on the external tank — opposite t-ie Cherry Picker rails. 
Current design studies have been aimed at an aluminum (2219 T6 or 2026 T3) 
beam builder that will fit upright in the Orbiter cargo bay. This machine is 
necessarily short (4.3 m) weighs about 3,400 kg and consumes about 1.7 kW at 
1-o/min building rate. Previous studies indicated that SPS antenna structures 
will probably be of composite material (e.g.. graphite/epoxy or graphite/poly- 
atnersulfone). A beam builder far this type of material would be mechanically 
simpler, somewhat longer, would weigh about 2,800 K.g and, because of its 
material heating needs, would consume 4.5 kW at 1 m/min. 

We have made provision for one beam bullcier in the construction system, 
and have allowed for the mjss of the heavier one and the power requirements 
of the composite oeam builder. There is ample room for both should they be 
needed. 

Rockwell external Tank Construction 


on each Shuttle flight, the external tank (ET) almost reaches orbital 
velocity. Preliminary calculations indicate that an ET could be modified and 
launched into-orbit with an unloaded Orbiter (except for CMS kits). In Lite 
design shown in Figure 52, the aft bul*nead of the 02 tank is duplicated as 
the forward bulkhead, and a straight section is added so that total volume 
remains the same. The forward cone is reconfigured into a docking section 1 
and three stories cf iivmg/working area, each nearly 27 feet in diameter. 
Basic Shuttle Orbiter subsystems are installed, and are operated b\ Orbiter „ 
software. In addition, new long-duration life support equipment is used. On 
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orbit the O2 tank is opened and pressurized for habitability, and the aft 
bulkhead of the H2 tank is removed by explosive charges (like the SLA on 
Apollo), the O2 tank can now house free-floating space manufacturing items, 
the outfitted floors can be a habitat and control center, and the {<2 tank 
(never pressurize|d) can function as a warehouse, machinery yard, and con¬ 
struction platform. The ET construction base (ETCB) docks to a 25-kW power 
module which is already on orbit, and Spacelabs can dock to the docking ports 
and receive the same interface support that they do when in the Orbiter oav. 
Redundant equipment, supplies, and mission equipment can be brought up on 
separate Shuttle flights. If slightly more launch energy is needed for this 
one launch, the fill procedures can probably be modified at K.SC to subr.ool 
the LH2 and LO2 for more total propellant availability. 

As shown in Figure 53, the aft bulkhead of the ETCB can be explosively 
separated on orbit, leaving the internal volume of the hydrogen tank exposed 
to the space environment. Fittings and tie-downs can then be placed on both 
the inside and outside of the tank. Figure 54 shows this space station 
performing construction operations in LEO. 
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SPACE PROCESSING FACILITIES 

One of the major new space industrialization initiatives identified by 
various investigators is the development of one or more on-orbit processing 
facilities for the manufacture of certain very high-quality products. Although 
orbital transportation costs are high, the special environmental properties of 
space — zero-g, hard vacuum, low vibration, etc. — are so beneficial that 
the production of several dozen different products in space appears to be 
economically attractive. 

It is obvious that the orbital location of such a space processing facility 
will have an important impact on its intrinsic performance characteristics. In 
particular, the transportation costs and the solar illumination are strongly 
dependent upon the selected location. If the facility can be located in full 
sunlight most of the time, the need for energy storage can be greatly reduced. 
However, in general, those areas in space that have the most solar illumina¬ 
tion tend to be relatively inaccessible. The polar plot at the top of Figure 55 
pinpoints a collection of candidate locations. The radial distance represents 
the altitude of the orbit and the angular location represents its inclination. 

The bar chart in the lower portion of the figure represents the fraction of 
time each candidate facility will spend in full sunlight. Note thac two of 
the locacions are illuminated almost continuously. Low-altitude sun-synchronous - 
satellites in dawn-dusk crbits receive full illumination about 98 percent of 
the time ,* geosynchronous satelli t es are illuminated more than 99 percent of 
the time . Though attractive from the viewpoint of nearly continuous energy 
production, these special orbits are relatively inaccessible to tie Space Shuttle. 
The Shuttle can carry, at most, only about 15,876 kg (35,00 lb) of payload into 
a low-altitude sun-syn«.hronous orbit. Its geosynchronous capability (assuming 
the use of a prooerly-designed reusable upper stage) is about 3629 to 5441. kg 
(8000 to 12,000 lo). The Shuttle’s payload capability for a 55° low-altiti de 
orbit is improved considerably, but it stil?. amounts to only 18,144 to 27,215 kg 
(40,000 to 60,000 lb). Therefore, since transportation costs will dominate the 
economics of space processing operations, it seems clear that a low-altitude 
28.5° orbit (Shuttle payload capability *> 29,483 kg (65,000 lb)] is by far the 
most viaole selection. This is true despite the fact that the processing 
facilities will be sun-illuminated only 31 to 40 percent of the time. 

Space Processing Facility 

The space processing facility that was designed as a part of the* 
incusz^lalizaiio* study effort is shown in Figure 56. As can be seen, it 
consists of two basic structural elements: a solar cell power array and a modi¬ 
fied external tank (delivered into orbit in a earlier ‘'huttle flicht). The 
solar array accommodates six gallium aluminum arsenide cell blanket, tint 
measure 16 meters oy 14 meters. The structure is as.-embled fiom four space- 
manufactured beams that are connected to the interstage area of the external' 
tank. The total length of each long beam is 10b meters. 

Modifications to the external tank include an RCS/propulsion module dock¬ 
ing to the forward end of the LOX tank, attachment brackets attached to the 

^Continuous illumination is achieved if the orbital altitude is between 1389 > 
and 3334 (750 and 1800 nmi). 
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inter-tank area, electrical and control wire harness and 1H2 tank connector 
panel, a blocking ring (for the Orbiter) at the aft Orblter support points and 
a system for jettisoning the aft dome of the LH 2 tank. 

On-orbit, the entire configuration flies with the solar cell panels normal 
to the sun, providing a peak power of 560 kW. The interior of the LH2 tank is 
configured for equipment insertion while on-orbit. For space processing, a 
continuous power level of 300 kW is available by utilizing Ni-H2 batteries 
assembled in a four-meter diameter module. Thi3 battery nodule is 12 meters 
long. The remainder of available length (aporoximately 11 meters) in the LH2 
tank is reserved for various process equipment (furnaces, magazines, etc.). 

The present configuration is estimated to weigh approximately 68,000 kg, with 
the external tank included as 34,000 kg of this weight. The electrical battery 
module accounts for approximately 16,000 kg and the process hardware amounts to 
7,500 kg. A raw material re-supply weight is estimated at 4,500 kg, including 
expendable process gases. 

The presently configured facility is outfitted for zone refining and 
crystal growth. The fifteen furnaces are capable of producing 750 boules of 
finished product every 60 days. With Shuttle servicing of raw material maga¬ 
zines and return of finished product, the space processing facility is sized 
to yield 4500 boules per year. This is equivalent to 21,150 kg/year 
(46,636 lbs/year). Further extrapolation would lead to a total of 30 Shuttle 
flights per year Lo service 10 such processing factories, to yield over 
200,000 kg of finished products. " ! 

Facility Design 

The design of the space processing equipment was based on existing experi¬ 
mental units currently under development. The product size and associate power 
requirements, weight and process time were carefully adjuste-i in an effort to 
size the orbiting factory needed to contain a production quantity of process 
equipment. A few of the desirable charac.eristics for a Space Processing 
Facility can be listed as follows: ' 

1. Solar array electric power should be utilized for processing. 
Limiting array size should correspond to technology'available 
m the 1980 to 1990 time frame. 

2. A platform or hardback should be furnished to support all 
process equipment. 

3. Battery power should be utilized for peak loads and to main¬ 
tain constant power even during the eclipse periods. 

■ 4. The design should be compatible with the Shuttle payload 

capability during on-o'bit assembly and tor periodic 
servicing and product transfer operations. 

5. The facility should be completely automated and unmanned 
during a reasonable batch process period. 


87 







I Rockvvt ,: 1 International 

Space Division 


Analysis of a few viable process operations for power consumed helped 
in sizing the proposed hardware elements. However, this Accrete design will 
undoubtedly be heavily modified in both layout and function once particular 
products and space environment processing have been proven experimentally. 

General Arrangement 

The facility shown on Figure 57 (Dwg. 78255-005) consists of two major 
elements: a solar cell array and a center structure derived from the ET. 

A representative product. Zone Refining and Ciijstal Growth of Silicon , 
is examined in detail in order to show the equipment design and location within 
the facility. This particular process is considered to be representative of 
the many processes that could be carried out in space in a profitable way. Of 
course, yearly production levels and Shuttle servicing periods are expected to 
vary for each individual process. 

Solar Cell Array 

The solar array consists of four manufactured beams of triangular cross 
section, connected by several similar but shorter beam members at eight points 
along the span. An overall triangular section results in a center bay designed 
to accommodate the 8 meter diameter of tne exteTnal tank. Overall dimensions 
are as follows: span = 106.66 meters; width (including reflector panels) ■* 

32 meters. 

Six of the seven bays are identical from a structural viewpoint in that 
they utilize solar cell blankets that are 16 meters by 14 meters. The structural 
beams are configured to be held in position on three sides by the connecting 
struts and diagonal tension tapes. Auxiliary equipment, such as RCS packages 
and momentum wheels, are installed during on-orbit assembly. 

Solar Cells and Blanket 

The upper face of the.structure contains six identical bays which measure 
16 by 14 meters. A blanket, containing the solar cells, is brought to the site 
(in a rolled condition) from the Shuttle and all four edges are installed by 
lacing them to the structure. The Space Processing Facility requires a large 
amount of electrical power; therefore, gallium aluminum arsenide cells were 
chosen with a concentration ratio of 2:1. Thin film substrate, similar to that 
envisioned in earlier SPS studies, was utilized. The total cell area was sized 
at 1344 met 2 . The peak electric power to be expected from this array is 560 kW 
at end of life. However, the space processing demand should not be based on 
this maximum power level, but on a much lower continuous power capability of 
300 kW. This reduction was necessary to provide for the effects of solar 
occultation, conversion losses during battery charging, power losses due to 
off-optimum sun angles and gradual cell degradation due to radiation damage. 

Side Reflectors 

The solar array is provided with side .reflectors canted at an angle of 
60 degrees. These reflectors consist of a thin mylar film covered with a 
reflective coating. They are located on each side of the solar "cell bays and 











































S&ff /& > <%rfSS/A'6 sxsss/sy' 
saoA'a' srs/rs*.%<' Jvtv&s&r 













Rockwall International 


they are supported by telescoping extension rods and wire bracing. The re¬ 
flectors are sized to provide a 2:1 geometrical concentration ratio. 

Electrical Power Generation 
o 

Each solar cell Is connected in series and parallel combinations to a 
main electrical distribution harness which, in turn, is routed through a 
special penetration fitting mounted on the forward dcme of tha LH2 tank. The 
installation of this penetration fitting is one of the few pre-launch modi¬ 
fications required on the tank. The wire harness is attached to the solar 
array structure and routed to the inter-tank structure area of the external 
ta-.sta. 

Basic External Tank Characteristics 

The basic Shuttle external tank provides a hard back and containment 
structure for any process equipment envisioned for the time period of interest 
(1980 to 1990). The tank can be flown into orbit by adding a sttill extra 
impulse near the end of the Shuttle flight. In this way, the tank is brought 
to orbit rather chan allowing it to're-enter the atmosphere. Once it is in 
orbit, it provides the structure for on-orbit assembly of the solar array. 

Pre-Launch Modifications - External Tank 

I , 

The following modifications to the external tank will be necessary prior 
to launch: 1 

1. Establish a docking ring structure on the forward end of 
the LO2 tank for later RCS module attachment. 

2. Install support structure and brackets to the intcr-tank 

structure for eventual attachment of eolar array beams. ' 

3. Install wiring harness and penetration panel cr. dome of 
LH2 tank. 

4. Attach longitudinal support beams in the LH2 tank. Also 
add miscellaneous metal brackets and tie points internal 
to tank. 

5. Affix external pyrotechnic cutting linos, additional controls, 
and tractor-cype rocket to aft LI<2 dome. 

All of the above listed modifications must be made in such a way chat they do 
not interfere with the normal functioning of the Space Shuttle. 

On-Orbit Modifications 

Various on-orbit modifications are required to prepare the external tank 
for building up the processing facilities. Fundamentally these on-orbit 
operations consist of separating the Prbiter from the tank, activating the 
aft dome removal system, removing dome structure by firing of the tractor 
rocket, and using the Orblcer RMS to install a docking ring to che two external 
tank/Orblter attach points for future Orbiter docking and servicing of the 
processing facility. 
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Exterior and Interior Additions to Processing Facility 

External additions to the Space Processing Facility include the following: 

1. Installation, balancing, and startup of two momentum wheels 
in the solar array cross sectional structure. These wheels 
ere delivered in rim sections. The hub and the wire bracing 
are delivered by subsequent Shuttle flights and installed by 
EVA operations, 

2. Reaction control packages, designed to be installed in both 
ei^ds of the solar array lower beams, provide gross maneuver 
capability during the life of the vehicle. In addition, a 
large diameter (4 meters) package is docked to the forward 
end of the L02 tank. The larger module would be designed to 
provide sufficient propulsion to raise the assembly orbit to 
the desired processing altitude of 500 to 600 kilometers. 

These items arc compatible in size and weight with Shuttle 
capabilities, 

3. While the Shuttle is docked to the jfc docking ring, its 
Remote Maneuvering System is utilized to extract, unfold and 
install two radiator panels to the side of the external tank. , 
Existing fittings previously used for solid launch rockets 

are used to mount one edge of the radiator panel to tha 
external t„nk. A total of 576 m^ area or 288 meters per side 
is available for heat rejection. 

Electrical Power Storage - Internal Package 

Electrical energy storage is required to guarantee continuouc processing 
even during eclipse periods. Of all the rechargeable battery systems, the 
nickel-hydrogen ceil appears to be the most feasible for this application. 

The following assumptions helped in sizing and configuring the battery module: 

1. Low earth orbit (30 minute eclipse) 

2. Low inclination orbit 

3. Battery temperature range 0° to 20°C 

4. Battery load 500 kW (this corresponds to a 250 kUh storage 
requirement for the eclipse period) 

5. baf.lc characteristics do not include charge/discharge control 
electronics weight and efficiencies. 

Tin battery module design consists of 15 pressurized containers all within 
the four meter diameter compatible with the Shuttle payload bay; a length of 
approximately 480 Inches and a uotai weight of 34,700 lbs. This ten-year life 
system will undoubtably be the subject of many design and economic trade-off 
studies as this energy storage technology progresses. 
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Structural Supports - Interior 

A structural system within the LH2 tank will bo retTOifred to locate the 
equipment essentially on the centerline. The four-meter diameter modules are 
attached to two longitudinal beams (ground modifications) and stabilized by 
u network of cables, electrical Junction boxes, wire hamass supports, heat 
pipe Installations and insulation blankets are attached to a set of brackets 
which are attached to the tank prior to launch. A completely automated control 
system for electrical and thermal conditioning is installed in the same manner 
prior to installation of any space processing modules. Mechanical clamps and 
fasteners are utilized with existing internal tank structure to minimize the 
effect of adhesive material outgasslng in the presence of any space processing 
operation. 

Shuttle Service to Facility 

The first few flights of the Shuttle to the processing facility will carry 
general factory equipment. Later flights will ba dedicated to specific process 
equipment modules. After stasia docking has been accomplished, all the modules 
and equipment may be inserted in the open end of the LH2 tank. The processing 
facility has been designed to operate in an unmanned condition. However, 
maintenance of the external tank, the radiators, the momentum wheel, and the 
solar panels may also be accomplished by EVA operations. Replacement and • 
servicing of RCS packages is to be accomplished by the Remote Maneuvering 
System (RMS). 

Vtoitr ts the Space Processing Facility will eventually be scheduled to 
harvest a fell load of processed material ana will notHbafeecfere with normal 
processing. Specific processes will have periods of material change-out and 
the Shuttle may dock at these times. 

Other Factory Capabilities 

The Space Processing Factory is configured to accommodate a varied supply 
of specialized gases in tanks mounted on the Internal structure. These gases 
will be used in specific space processes. 

The L02 tank of the external tank will serve as a fully contained dumping 
facility. This containment function may be required to maintain a pure en/iron- 
ment in space in the vicinity of the process modules. The L02 tank may also be 
useful for re-filling and use as a propellant tank in certain orbital transfer 
operations. 

Space Processing Candidates 

Processing of materials in space environment is still in its Infancy. 
Experimental furnaces, levitation units and vapor transport devices are 
currently being designed for early Shuttle flights. The results of these 
experimental procedures will serve to guide future programs and product manu¬ 
facturing toward a dedicated Space Manufacturing Facility. , 
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Marly products, some not yet conceived, will be experimentally processed 
in space. The extension to a production facility will depend upon the enhanced 
quality and economic advantage gained by space processing, 
o 

The presently propose.. Space Processing Facility has been designed to 
accomplish the melt zone refining of silicon crystals and crystal growth. The 
power requirements and the raw material weights have been tailored to fit within 
the capability of the proposed design. 

This process and Che associated designs are considered representative of 
other processing modules only in the sense of providing a basis for estimating 
the rough order of magnitude sizes , weights and cnsts that may be anticipated 
when space processing facilities reach operational status. 

Zone Refining and Crystal Growth Concept 

The design of zone refining and crystal growth hardware has been accom¬ 
plished by other researchers for early Shuttle flights; however, an extrapolation 
in specimen size, weight, furnace' power and number of processed boules was felt 
justified to guarantee a high yield, low number of visiting periods and efficient 
utilization of power. The characteristics of the resulting process are as 
follows: 

Boule 5 cm, dia x 1 meter long 

Growth rate 5 cm/hour (continuous) 

Power/Fumace 20 kW (continuous) 

Number of Furnaces/Factory 15 
Furnace and Magazine Design 

The experimental furnace concept devised by otheis was retaired but sized, 
as shown in Figure 58, to process the larger boules. The scrap length'of the 
boules was minimized by using a hollow chuck for a rotation drive. The tra¬ 
versing mechanism was designed to process over a 100 cm length of the 115 cm 
boule. Support of the ooule was by the large bearing on the hollow chuck and 
a conical socket on the other end of the furnace. Each boule requires a seed 
attached to the 5 cm diameter material and the seed end is ground to act as a 
jewel-type bearing. 

Hie multiple furnace arrangement, sho’.m in Figure 59, is supported within 
a 4 meter diameter structure that is connected to a boule magazine that is 
Indexed in 3 degree increments for each product change-out period. The magazine 
7has circumferential storage of boules at radii corresponding to the furnace 
locations. Total capacity is designed to be 750 boules or 7,772 lbs of raw 
material. 

Shuttle Service and Product Yield 

The operation of insertion/retraction of 15 boules may be accomplished in 
4 hours time with 20 houts allotted to processing time. This arrangement will 
yield the following: 
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1' Day 
60 Days 

1 Tsar 

o 

Product Weight/Tear 


15 boules 
750 boules 
4500 boules 

21,150 kg/yr (46,636 lbs/yr) 


For a single factory, a total o£ six service flights vcu)d be required, 
however, if two factories were in operation these sane six fl.ghts could trans¬ 
port the raw material and finished product in the Shuttle payload bay. 

Economic operations would probably require about 30 fligh-.s per year to service 
a total of ten factories. This ten-factory complement would yield 211,500 
kilograms of finished procuct per year. 


GEOSYNCHRONOUS ORBIT FACILITIES 

At last count, more than 70 functioning satellites are hovering above the 
earth's equator at the geosynchronous altitude. These 3atelli*?s are devoted 
almost entirely to high-data-rate -covnunications, and their RF transmissions 
have already begun to suffer from nntual interference. Certain favorable 
longitudes, particularly those serving Europe and North America, contain heavy 
concentrations of powerful transmitters. Moreover, futur« projections indicate 
that a population explosion of mew satellites is soon to occur in this import¬ 
ant spatial region. As tne projections in Figure 60 indicator ifffUeT the 

most pega-imist-ac set of assirTpc^g^.^ter-aualaftf' of satclftaRw at 

satellite population could increase by a factor of six*or more. 

The level of difficulty experienced f”-on crosstalk between a'djacei 
satellites is frequency dependent. At 4 to 6 GHz (the frequency band now in 
most common use), authorities recosmend an orbital spacing of 4° to 5° to 
insure acceptably low levels of-autual interference. Thus, in accordance with 
the projections at the bottom of Figure 60, serious problems will begin to 
emerge at several different orbital locations in the early 1980’s. Ar 2C to 
30 GHz the interference problem Is considerably less severe; a 1° orbital 
spacing is believed to be entirely collerable. However, even with tnis rather 
tight spacing, the 1980 satellite population will begin to approach the limits 
in some regions, particularly tonse due south of the European mainland. 

The Geosynchronous Platform 

A multifunction communication platform is one realistic technique that 
could alleviate the problem of orbital crowding to some degree. By performing 
several different services such an approach could significantly reduce tire 
total number of geosynchronous satellites that would be required to carry out 
any given list ot communication services. Moreover, a platform that handled 
combined services would be more efficient and more economical for several 
different reasons: 

1. Tire various subsystems an board the platform would profit from 
the sharing of thermal control, stationkeeping, orientation, 
electrical power and grozad support operations. 
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Figure 60. Geosynchronous Orbik facility Projections 
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2. Multifunction geosynchronous satellites would benefit from the 
economies of scale. In particular, a larger spacecraft would 
have a larger total weight, smaller unit weights, and lower 
launch costs than would result if each function utilized a 
dedicated satellite, 

3. Increased versatility can be achieved by multifunction design. 
Specifically, the use of an integrated-satellite design permits 
interconnecting or cross strapping of multiple missions. It 
also results in fewer costly relay links and ouch higher quality 
signals than would otherwise be attained. 

Of course, combined missions also give rise to a few bothersome difficulties 
and these will be discussed in a later section. However, despite these 
difficulties, it is the opinion of the analysis teas that the geosynchronous 
platform concept offers distinct advantages for the execution of a broad class 
of missions m an economical way, and tuat it is an attractive technique for 
the efficient utilization of the increasingly crowded orbital slots at the 
geosynchronous altitude. 

Platform Description 

The geosynchronous platform is sketched in Figure 61. Basically, it 
consists of a satellite antenna platform, a oower distribution and control 
installation, a 2 degree-of-freedom turntable structure, a solar cell array 
and a docking ring for Shuttle servicing and on-->rbit assembly. 

The 500 kW array is constructed of nine beams of 178 meter length. These 
beams have connecting structures every twenty meters. The solar cell blankets 
and reflector sides are installer, in the three longitudinal gutters of the 
structure. Gallium aluminum arsenide solar cells are utilized with a concentra¬ 
tion ratio of 2:1.- The assumed collector efficiency is 18 percent, with a 
blanket thickness of 4 mils. 

A 16 meter diameter turntable is assembled to one end of the solar array. 

Tne interior ot the first bay of the solar array contains an installation of 
electrical dc-to-ac inverter machinery. The ac power is distributed into an 
anteuna support platform through two large pivot herrings. Distribution of 
power is then controlled to each particular transmitter. < 

Ancillary equipment includes radiators, RCS modules, water and-gas storage 
tanks, communications and momentum storage provided by the rotating electric«l 
conversion equipment. The crosslinks that relay data between duplicate geo¬ 
synchronous platforms utilize low Intensity laser beams. 

The total length of tire platform is 239 meters and the operational weight 
is approximated at 29,310 kg (64,629 lbs). 

The Services 


The geosynchronous platform is designed to perform five separate nationwide 
services, as described in the following subsections. 







© BASIC DEM = 240 M X 45 M 
o OVERALL WT ”30.000 KG 
©TOTAL PWR = 500 KW 
« SPS TYPE CONSTRUCTION 
©TELEOPERATOR SERVICE & UPDATE 
©CONSTRUCTION IN LEO 


500 kW Geosynchronous Platforn 
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Broadcast Education 

Provisions for five simultaneous color video channels are included with 
broadcasts taking place 16 hours per day. The primary purpose of che domestic 
version of thin system (see Figure 62 ) is to provide educational courses for 
groups that are too dispersed for servicing by existing techniques. For example, 
a fairly large fraction of the programming will be devoted to captioned and sign 
language broadcasts to help the 14 million deaf Americans gain new connections 
withfn our society and, in particular, our educational system. In-service 
education for school teachers, specialized training seminars for small business 
men, job training for unemployed teenagers, and many other types of courses of 
instruction will also be provided. 

As shown in Figure 63, each user will have to purchase a meter rooftop 
antenna and a small black-box adapter. When produced in mass production 
quantities, the total cost of these items is expected to be about $100. 

The same space hardware can also perform important services for the less 
developed countries in the world. However, the program materials to be trans¬ 
mitted will be completely different. In general, the purpose of the programs 
to be broadcast in these areas will be to help the local residents develop 
marketable skills and to aid them in participating in the local economy. The 
equipment envisioned for these uses will be self-contained, rugged and extremely 
simple. As the estimates ir Figure show, black and white receivers, complete 
with antenna and adapter, are expected to be available for about $130 each. 
Similarly equipped color receivers that retail for $500 should also be possible. 

Pocket Telephones 

The geosynchronous platform is designed to provide pocket telephone 
services for 45,000 simultaneous users. If a five percent peak usage rate is 
assumed, this would mean that ^'00,000 communicators could be sold before the 
system would begin to reach saturation. In addition to routine and emergency 
communications, the pocket telephones will also be used in a national informa¬ 
tion system. The purpose of this system is to allow ordinary users to have 
instantaneous access to the useful information maintained within the Library 
of Congress, the stock market services and other large data systems. 

Three-watt hand-held transmitters, equipped with ? centimeter whip antennas, 
will transmit to a 18 meter dish antenna which, in turn, will feed the trans¬ 
missions into a 6 meter dish for relay to a smaller'dish antenna located on the 
ground. This ground antenna will be linked to the conventional telephone system. 
One advantage of this approach is that it interlinks the communicator with all 
the telephones in the existing system. Another is that it allows che complex 
switching hardware to be located on the ground where maintenance and modifica¬ 
tions can be carried out with relative ease. 

Electronic Teleconferencing 

The electronic teleconferencing system will provide 150 simultaneous 
2-way teleconferences between any locations in.the Noith American continent. 

Such a system will promote the efficient exchange of information while cutting 
fuel consumption, reducing pollution, and saving time for America's bu9y executives 
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THE BENEFITS 



o OPTIMIZE SYSTEM FOR TOTAL 
U.S. PARTICIPATION 

• 5 CHANNELS, 16 HOURS/DAY 



c TEACHER/CLASSROOM 
INTERESJ 

® OUTSIDE SPECIAL 
INTEREST COURSES 
• RAPID UPDATE 
OF MATERIALS 
® BIG EVENTS 


o SPECIAL ED FOR 
SMALL BUSINESS 
® UPDATE ADULTS 
FOR CHANGING 
SOCIETY 

® SPECIAL EDUCATION 
FOR DEAF 
® DO-IT-YOURSELF 
SKILLS 


THRU PHONE INTERCONNECTS WE CAN ADD INTERACTIVE 
SESSIONS, COMPUTER CONNECTIONS, FACIMILE, TESTING, 
OPINION POLLING, ETC. 


Figure 62. Direct Broadcast Education —■ U.S. 
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• GROUND SETS MADE DURABLE 
INEXPENSIVE, AND EASY TO USE 

® SETS SOLD IN SMALL COUNTRIES 
PICKS UP ONLY THE APPROVED 
PROGRAMS. 

« TAILOR THE COURSES TO LOCAL 
SITUATIONS - EDUCATIONAL LEVEL, 
LOCAL JOBS, SPECIAL NEEDS 


° CAN LEARN LOCALLY USEFUL SKILL 
EVEN IF ILLITERATE 

e NO PIPELINE OF BOOKS, ETC. 
REQUIRED 

« INSTANTLY UPDATEABLE 

o WIDE VARIETY OF PROGRAMMING - 
HEALTH CARE, BIRTH CONTROL, 
BASIC EDUCATION, SPECIAL SKILLS 


WITH HUMAN KNOWLEDGE AND PRODUCTIVITY COMES A BETTER 
LIFE PLUS BUYING POWER FOR HIGH-TECHNOLOGY PRODUCTS 



/ 


Figure 63. Direct Broadcast Education — LDC's 
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An eacper tamt al version of the proposed system, called Project Prelude , 
was recently set up at three large American corporations (Rockwell International, 
Texaco, and Mcorgoaery Ward). As Figure 64 shows, the 200-watt CTS satellite 
was usee in these experiments to transmit color TV images (including 0.5 ..second 
freeze-frames), rapidfax and direct high-speed computer data throughout the 
course of this experimental series. 

Electronic Kail 

The fourth service of the geosynchronous platform is electronic mail. 

The system is set up to handle 40 million pages of mail with overright delivery 
from HOP sortie? centers. Substantial improvements in service may eventually 
result from this technique. It also seems likely that productivity gains will 
result from the fact that the mail can be sorted electronically and it will 
Arrive at its destination in a timely and reliable manner. 

The Ancecnas 


The geosynchronous platform uses a total of 30 antennas of various sizes 
in order to perform all five of the required services. The sketches in figure 65 
show the relatin* positions of these antennas with shading to indicate whether 
they receive data, transmit data or operate in a diplex mode. The largest 
antennas which are devoted to personal communications are 18.3 meters in 
diameter; tece smallest which handle electronic teleconferencing have a diameter 
of 1 recer. 

The power requirements for the various services are also tabulated in 
Figure 65. Ihe total power is 454.4 kw. In addition to the values in the 
tabulations, a 3.J percent contingency is allowed, thus a total of 500 kilowates 
is actually provided. 

The spot otaaa patterns, transmission bandwidths, and the necessary power 
levels for cue rarious services are shown schematically in Figures bb through 
69: Al»o shown m thebe diagrams are the sizes, types and numbers of antennas 
and the transmission paths. 

Technical Considerations 

A concepraal design of an early integrated geosynchronous platform is 
shown La Ftg.jre -il. in consultation with Science Applications, Inc. (SAI), 
five naciorvlde im r ormation services were selected, and the system parameters 
defined. These are: 

1. Direct Broadcast Television - Multiple channels to be received 
on a notified conventional TV receiver. The entire CONUS area 
is to s<e covered (excluding Alaska, Hawaii,, and Puerto Kico). 
Programing would originate from a single ground Installation, 
but =27 be developed by any agency. 

2. Pocket Telephones - Multiple voice channels originating from 
remote. wireless extensions; to be connected to conventional 
fixed terminals, or other remote terminals via satellite. 

Saturation capacity to be at least 45,000 simultaneous tranbpactlons. 
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DISPLAY EQUIPMENl LSLjU ^ 

9 Full color 2-way largo-screen 
teleconferencing 
° Freeze-frame capabilities 

(up to 2 frames per second) 

° Rapid fax for hard-copy 
transmissions 

0 Direct high-speed earnouts? Jinks 


Figure 6*. Video and High Data Rato Communications Demon 
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POWER REQUI 

REMENT 

SERVICE 

POWER 

(KILOWATTS) 

DIRECT 

BROADCAST T V 

270 

POCKET 1 

TELEPHONES 

J27 4- 

NATIONAL 

INFORMATION- 

SERVICES 

INCLUDED WITHIN 

PERSONAL 

COMMUNICATIONS 

ELECTRONIC 

Tfc LECONFE RENCSNG 

34 

electronic 

MAIL 

13 

ELECTRONICS 

10 

TOTAL 

454 4 


| POCKET 
TELEPHONES 
AND NATIONAL 
INFORMATION SERVICES 
(SWITCHING CENTER) 


O' 


Figure 65. \ntenna Locations fcr the Geosynchronous Platform 
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3. National Information Services - Direct access via satellite 
from home or business intelligent terminals to computer-supported 

y-data banks, such as the Library of Congress. Capacity requirement? 
are not specified. 

4. Teleconferencing - Two-way (or multiple) video links between 
isolated ground sites. User locations would have studio-type 
facilities, including multiple cameras and monitors, switch 
gear, and communications. Capacity requirement was not specified. 

5. Electronic Mall - Facsimile transmission of personal and 
business correspondence. Terminals would be local Post Offices, 
linked to a regional sorting center by cables or similar ground 
links. Sorting centers are interconnected via satellite, the 
number to be at least 800. The local Post Office would provide 
equipment to convert hard copy to electronic facsimile, and 
vice versa. Goal is to dellve. 40 million pages (8-1/2 x 11) 
from source to destination over night . 

The conceptual design shown in Figure 70(7wg. 78255-001) was approached 
from three directions: to select appropriate communications parameters (frequency 
allocation, modulation bandwidth, antenna gain/directivity, total power required); 
to select an appropriate spacecraft configuration (power generation, pointing and 
stabilization, assembly methodology); to define the ground user terminals. 

Two crucial constraints were assumed: 

1. The total prime power generated should not exceed 500 kW per 
installation; this was felt to be the limit of large space 
structures technology in 1987 — and it assumes that SFS ^ 
development requirements dictate the specific approach. 

2. Frequencies must be in accordance with those allocated by 
international agreement for this type of service. 

A further guideline was assumed: that the system should be designed and the 
frequencies allocated so that the user terminal cost is inversely proportional 
to the number sold. Therefore, for services like personal communic itions, the 
remote telephone should be simple and inexpensive, placing the burden cf 
performance on the satellita. Conversely, for elecironic mail theie would be 
relatively few terminals in the local Post Offices and, hence it can be m.-re 
complex and expersive. 

Following a sequence of rather complicated trade-off trials, the satellite 
communications requirements were defined as follows: 

T Spacecraft Power Budget Prime Power 

Broadcase TV (5 Channels) 270 kW 

Personal Communications (45,000 Users) 127.4 kW 
National Information 
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Teleconferencing (150 Channels) 
Electronic Kail 
Spacecrart (assumed) 

Total Prime Power 

Dvrect Broadcast Education 
Uplink 
Downlink 

Ground Transmit Antenna 
User Recieve Antenna 
Satellite Receive Antenna 
Satellite Transmit Antenna 
Dc Power/Channel 

32 Beams (Transponders) Tines 5 

Pocket Telephone s 
Uplink/Downlink 
Uplink/Downlink 

Ground Antenna, User 

Oc FdW-r, User 

Dc Power; Satellite to User 

( 

Number of Simultaneous Users 
S/C Antenna, Transmit - 

National Information Service 

Would use personal communications 
and a larger user antenna. 

Teleconference 
Uplink 
Downlink 
Capacity 

Ground Site Antenna (Uplink/Dowulink) 


34 kU 

13 kW 

10 kVi 
454.4 kV - 

14 GHz 

11 GHz 
4.0 Met 

0.8 Met (2° Beamwidth) 

4.7 Met - Need 1 

6 Met - Need 1 
54 kW Times 5 Channels = 

270 kW 

1(0 Transponders, 265 watts 
RF, each 

4.0 , ‘ .2 GHz (to the Remote User) 
4.4/4.6 GHz (to the Switching 
Center) 

7 cm . j;ss (to/from the 
Satellite) 

3 watts (approximately) 

127. kW 
45,000 

15 Met Need I* (to the User) 

6 Met - Need 3 (to the 

Switching Center) 

system except for ground terminal 


43 GHz 
40 GHz 
Up to 150 Pairs' 
1.2/1.0 Met 
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Satellite Antenna 
DC Power 

Total £or 80 Channels 
Electronic Mail 
Uplink 
Downlink 

Satellite Antenna (Transnit) 
Satellite Antenna (Receive) 

. Ground Antenna (Receive) 
Ground Antenna (Transmit) 
Satellite HP Power/Beam 
Number of Beams for Conus 
Total DC Power 
Average Transmit Rate 


1.0 Met - heed 3 
Approximately 55 w/Channel 
34 kW 

30 GHz 

20 GHz 

3.6 Met, 0.28° BW - Need 6 
2.4 Met, 0.28° BW - Need 6 
3.6 Met 

2.4 Met 

14.5 watts 
300 

13 kW 

1.0 mbps, for 4 hours per 
day, 250 days 
per year 


Considering the defined communications parameters, a preliminary space 
element concept was developed. The two major elements are the power generation 
system^and Jthe platform system. These are described below. 

Power Generation Subsystem • ^ 

Tne power generation subsystem consists of four assemblies:.(1) solar 
power assembly (2) DC/AC conversion assembly, (3) distribution assembly, 
and (4) sun orientation assembly. 


The power generation subsystem will provide a minimum of 500 kW of usable 
power to the spacecraft and payload systems as 115/230 vac, at ±0.5 percent 
voltage regulation. Frequency shall be approximately 4000 Hz. The power 


allocations are: 

Spacecraft 10 kW 

Broadcast TV 270 kW 

Pocket Telephones “ 127.4 kW 

National Information Services 
Electronic Telconferencing 34 kW 

Electronic Mail 13 kW 

Margin _45_ kW 

Total 500 kW 


/ 
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During operation, power shall be allocated on 
expected demand is: 


i demand, basis. 


The 


Spacecraft 

broadcast TV 

Pocket Telephones 

National Information Services 

Electronic Teleconferencing 

Electronic Mail 


Continuous 

16 hrs/day, 365 days/year 
Continuous 

8 hrs/day, working days only 
8 hrs/day, working days only 
4 hrs/day, working days only 


Solar Power Assembly . The solar power assembly is derived from the work 
done oy Rodkwell for the Solar Power Satellite (SPS), assuming the technology, 
assembly methodology, and hardware derivatives developed for the SPS will be 
available for u»e in the desired time frame. Thus, the solar power assembly 
is a rectangular, triangle structure supporting three identical solar blanket 
gutters. It shall be assembled in a low altitude orbit by fabricating beam.! 
(using the SPS Beam Forming Machine) from Shuttle-supplied materials. On one 
face of each triangular beam is installed a reflective trough in which are 
l3id prefabricated solar blan<ete. As each beam is constructed, crcssties 
will be added. 


After primary structure assembly, interconnecting cabling, coarse (shunt) 
regulation elements, and thermal control elements are added. Three dc/uc 
converters are installed at one end, as Is the payload mounting ring. 

The total solar power assembly will be oriented with the solar blankets 
normal to the sun, ±3 degrees. The vehicle is at geosynchronous altitude, in 
the equatorial plane, at longitude 96° W. The long axis of the solar power 
assembly is no r mal to the orbital plane; thus, it must nod ±23-1/2 degrees in 
the meridian plane (yearly cycle) to remain oriented towards the s un. 11 reust 
also rotate once per day on the axis in the orbital plane. 

The solar power array consists of two main structures: 

1. Solar cell-beam structure 

2. Turntable-power conversion structure 

Space assembly is initiated by construction cf the turntable. This structure 
consists oi 12 segments of ground manufactured box beams that are bolted 
together in space to form a 12-sided ring structure of a maximum diameter of 
16 meters. On this structure two tapered beams are' placed to locate the antenna 
platform pivots. Supporting structure and the dc-to-ac conversion equipment 
are mounted to the array side of the turntable. The electrical conversion 
equipment is then spun-up to give the entire structure inertial stability in 
orbit for the attachment of other main structural elements. 


The second major assembly in orbit is the manufacture of jingle beams by 
a beam machine and the concurrent attachment of special shaped beams to finally 
arrive at a large triangular cross section containing nine longitudinal beams. 
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The so^ar array structure is aligned by tension wires and attached as a 
unit to the stub-beams of the previously assembled turntable. After this 
operation, the Shuttle remote maneuvering system is employed to emplace and 
fasten the solar cell/blanket rolls in the three gutters, as indicated. 

Electrical distribution wiling, electrical control hardware and system 
connections are made prior to the final close-out operation of draping the 
aide reflectors on each of the three gutters. 

Reaction control modules and reactant tankage are then applied to the free 
end and the turntable structure. RCS propellant storage tanks remain to be 
applied to the turntable prior to an on-orbit checkout. The antenna platform 
description and assembly may be found in the Platform System section. 

DC/AC Converter Assembly . Each of the three identical panels will generate 
up to 167 kW; since it is a long (500 plus feet) panel, care must be taken to 
avoid excessive internal losses (I^ R) by implementing a high-voltage, low 
current design. Practice Indicates that a nominal dc potential of about 2S00 vdc 
is feasible without excessive penalty of insulation or danger of coronal 
discharge. Thus, the nominal current would be 60 amperes. 

It is necessary to transfer most of thie power across a rotating joint to 
the payload. It is also desirable that the power delivered to the point of use 
(the payloads) be in the fora of low-voltage ac. Due to the power level, it is 
not presently justifiable to assume a solid-state inverter, therefore, a 
mechanical rotating device was selected to perform the required electrical 
functions/conversion function. 

Such a mechanical converter, evan at 4000 Hz, represents a significant mass 
of iron , and an even more significant inertial momentum . To avoid providing 
compensating momentum, the three rotating inyerter3 are mounted, one on the end 
of each beam, and canted. Thus, the three mechanical inverters can also act as 
m omentum wheels to control the solar panel assembly orientation . 


Unfortunately, when these massive devices double as momentum wheels, it is 
not possible to have frequency and phase coherence in the output of the three 
inverters. Thus, each panel/inverter is considered as an independent, non- 
synchronized alternator, and the distribution assembly must be designed with 
thl3 in mind . 

A trade-off is necessary to select the method of transfer of power across 
the rotating joint. If slip rings are selected, they must handle large currents. 
An alternative is the Boeing-developed rotary transformer . Selection of the 
transformer would provide an additional degree of design flexibility in that a 
step-up or step-down transformation could be used to optimize physical parameters 
of the inverter to achieve orientation control without compromising the electrical 
performance. 

Distribution Assembly. The distribution assembly is in two parts. Part A 
is integral with' the solar power assembly and provides conditioned power to the 
sun orientation assembly, and the clock-drive for the rotation of the payload 
structure. Part B distributes power to the payload systems, and the payload 
mounting assembly subsystems, such as orientation/pointing and thermal control. 
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The distribution assembly also has a small battery pack,to be used during 
the solar occultation periods. Occultatlon occurs twice per year (at the 
equinoxes), but only for a few minutes each day and only for a few days. The 
battery is used to retain pointing control; it is not sized to maintain payload 
operation during solar occultatiou. 

San Orientation Assembly . The purpose of the sun orientation assembly ie 
to maintain the pointing direction of the solar power assembly. The torque 
necessary to correct errors is provided by controlling, independently, the 
wheel speed of the three inverter momentum wheels . The sun sensors are solid- 
state devices that are mounted along the long axis of the sola’" power assembly. 
Several sensors in cadi of two directions would be used; a micro-computer 
would aveiage the outputs and set the inverter's wheel speed. 

Volt age 'Regulation . Due to the variation in load current, and the varia¬ 
tion in wheel speed, several levels oi regulation arc required. It is proposed 
that each panel have both a coarse shunt regulator across the blanket strings, 
and a fine inverter current regulator. The blanket strings will not be 
consistent in output, and may vary from the nominal 2800 vdc by as much as 
±50 percent.' lhe shunt regulators (one per string) would maintain the string 
voltage to about ±1 percent of nominal. 

Varying the wheel speed tor reaction control will also cause the voltage' 
(as well a>. frequency) to vary. This can be compensated by adjusting the field 
current. This s.uno method would be used to compensate for load variations. 

Although voltage regulation is not classified as a unique assembly, it is 
an important parameter for the payload systems design. Having a well regulated 
power source, each payload element power conversion element can be optimized 
foi performance. 

rijtfonn Sy.Lem 

’lhe platform structure is a flat disc, gimbailed to the mounting ring. 

On the front side are mounted the several antenm elements”. Internally, and 
removable through the rear, are Lhe corresponding electronic components. On 
the periphery is a standard docking ring used for servicing and IEO to GEO 
maneuvering. On the rear side are radiating elements for thermal control. 

Platform Structural Assembly . The antenna platform consists of a center 
recLangular core structure that is 10 meters wide, 3 metets deep and 4.2 5 
meters in length. On the pivot end, a counterweight power distribution compart¬ 
ment is attached. On the other end, a Shuttle-type docking ring is ittached. 

The sides of the core have stub rectangular beams attached to act as tiria mounts 
for Lhe various antenna packages. On the reverse side from the antenna mounts, 
a truss structure is assembled to stand-off from the core by 6 meters (increas¬ 
ing the structural stiffness) to mount radiator panels for heat rejection. The 
center radiator panel has a powered longitudinal hinge in order to insure proper 
heat rejection under all conditions of sun attitude. 

The core structure is fabricated from rectangular beams, diagonal bracing 
and skin panels, where needed. These beams may be packaged within the payload 
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bay of the Shuttle or be manufactured la apaca by a began machine and perforated 
colls of strip aluminum . Joint and fitting attachments are designed for Shuttle 

Remote Manipulator System assembly. 

The main interface with the previously assembled'turntable is at the pivot 
location between the counterweight compartment and the main core structure. 

This pivot will be eventually outfitted with electrical power and control cables 

fed thru the center of the two pivot bearings. 

Orientation Control Assembly . The vector normal to the front side must be 
oriented in the meridian (96° west) plaue, and the 40° north parallel (latitude) 
within tO.01 degree (±36 arc'seconds); the 12 o'clock axis must also be in the 
meridian plane tj about the same precision. The antennas, which are rigidly 
mounted, have a -3 db beam-width of 0.28 degree; therefore, the platform should 
be held within 0.03 degree, nss error, to avoid signal degradation . 

The different pointing orientations of the solar panel assembly and the 
platform assembly dictate a separate orientation control mechanism for each. 

The solar power assembly orientation system wa9 described in the Power Genera¬ 
tion Subsystem section; the platform assembly must be more precise and requires 
a ground reference better than horizon sensors. 

The suggested approach would establish a pilot beam transmitter at the 
central ground location, and a crossed-basellne interferometer on the platform . 

A carrier frequency ot 1.0 Ghz to 10 GHz would be suggested to minimize atmos¬ 
pheric refractions, and atmospheric absorption effects. An electromagnet wave 
with a GHz frequency has a half-wavelength of 15 cm., -hich represents the 
zero-order spacing of the antenna elements. Zero-order spacing would provide 
direction cosine resolution to about 1.0 degree; to achieve the desired 0.01 
degree requires another set of elements (on the same baseline) spaced at about 
100 wavelengths (30 meters), which is twice the diameter of the platform. A 
trade-off is required .o establish the optimum parameters. 

The interferometer establishes the normal vector orientation; arother 
reference is needed to orient the 12 o'clock vector to the meridian plane. A 
star-tracker is suggested for this ourpose. The reference star should be near 
the meridian, and near the celcstlt. 1 pole; Canopus, in the southern hemisphere 
has been used by previous space venicles . I 

The needed torque would be provided by three control moment gyro's. 

Coarse movement for acquisition, and momentum-dumping would be provided by 
peripheral reaction Jets. 

The characteristics of the user ground terminals are summarized in Table 2. 
The 100 Kilowatt Geosynchronous Platform 


The baseline 500 kilowatt geosynchronous platform provides an impressive 
array of Services for Ine people in the United States and the rest of the world, 
but it is also power-hungry and relatively bulky. An alternate approach would 
entail the use of a smaller less powerful platform which might eventually be 
widely duplicated several dozen times. The sketch in Figure 71 shows a 100 

























Table 2_Preliminary Design Selection Parameters for Geosynchronous Platform. 


SERVICE 

DOWN-LINK 

UP-l-INK 

USER TERM 

GND TERM 

BROADCAST EDUCATION 

20 GHz 

WBFM, 13 Beams 

1 Channel 

30-GHz 

WBFM, 1 Beam 

1 Channel 

Conv. TV with 
Converter and 
Antenna 

Conv. TV, LIve and 
Tape 

POCKET TElEPHONES 

20 GHz 

D’g Voice/Data 

FM, Mult. Access 

20 GHz 

Hand-Held Unit, 
Battery Powered 

o 


30 GHz 

WB Multiplex 

Mult. Beams 

30 GHz 

WB Multiplex 
I-Beam 


Conv. Telephone 
Exchange 

INFORMATION SERVICE 

Pocket Telephones 

Link and/or 

Standard Phones 


Intel 1igent 
Terminals to 
Central 

Compu te r1 zed Data 
Bank 

TELECONFERENCE 

' 

Use BC Education 

Add Multiple 
Beams/Channels 

Conv. TV with 
Converter 

Conv. TV, Live 

ELECTRONIC MAIL 

20 GHz 

50 Mbps 

30 GHz 

50 Mbps 

Photocompositor 
at Local Post 
Office Over 

Optic Cables; 
Distribution 
by Local 

Postman 

Magnetic Tape or 
Optical Readers 
at Region Center 
for Distribution 
or Relay to Other 
Centers. 



















BENEFITS:- 

o 1 CHANNEL DIRECT BROADCAST TV 
o 15,000 SIMULATANEOUS POCKET 
TELEPHONE USERS 
• ELECTRONIC MAIL TIME SHARED 
WITH TV 

o TELECONFERENCING 



Figure 71. 100 kW Geosynchronous Platform 
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kilowatt platform with capabilities that are structured along these lines. For 
example, rather than providing five channels of T.V., it provides only one and 
rather than handling 45,000 simultaneous pocket telephone conversations, it 
handles 15,000. In addition, it time-shares power by restricting the electronic 
mail services only to off-peak hours. 

The result is a platform (shown in Figure 72, Dwg. 78255-003; that is 
smaller, less complex, and considerably lighter than the 500 kW version. How¬ 
ever, m view of the restricted services, it is not as light as might be hoped. 
Although it provides only one-third to one fifth the services of the 500 kW 
platform, it weighs almost half as much. Moreover, it puts more stringent demands 
on some of the ground equipment which would raise its price. Thus, as would be 
expected, the smaller version is a viable possibility despite the fact that it 
loses some of the economies of scale. 

Platfor m Design Philosophy 

The advantageous properties of multifunction* geosynchronous platforms 
have been adequately documented in the previous sections of this report. 
Unfortunately, such a platform also involves certain intrinsic disadvantages. 

These include more complex institutional and political arrangements and 
difficulties with mutual illumination of the various types of antennas. In 
addition, the integrated design suffers from the fact that the most stringent 
mission requirements (e.g., spatial location, stationkeeping and inclination 
control) must be imposed on all tne mission elements. 

Another crucial problem centers around the difficulties of insuring 
centers around the overall reliability of these complex and vital services. 

Some observers expiess concern that a failure in the hardware devoted to one 
of the major services could cause permanent failure in the overall system. 

The disruption that would then result could be intolerable to a complicated 
industrial society. Although communication satellites have evolved with 
extremely high reliability levels, tills is a valid worry. One way to minimize 
its likelihood and its impact is to utilize a series of scaled-down satellites 
each of which performs eiLiter a dedicated service or a relatively small number 
of separate services. The result should be an overall system that would then 
experience not total failures, but only graceful degradations. However, as 
has been shown, tins solution would substantially increase the total weight 
and cost of Cite overall system. 

Anotliei cruc.al tradeoff Is intimately interlinked with system reliability 
1L involves the possibilities for using remote teleopcrators versus manned 
maintenance repair and modification services. Teleoperators would most likely 
he far cheaper than manned systems, however, there are questions as to whether 
they can perform the necessary functions in an efficient and reliable way. 

Manned systems are more desirable in many respects, but far more costly and 
they cannot be made available in the , a’..e early time fiame. 

Services are obviously a pacing item in the future of epu.‘3 induot^ialii.a- 
licn, and multifunction communication platforms seem to have.many advantageous 
properties. However, they also give rise to Certain unexpected difficulties. 
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figure 72. 
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Within the context of this broad space industrialization study it was not 
possible to consider even the issues identified above in a sufficiently 
detailed wa>. However, these issues and most likely others are crucially 
important and it is our recommendation that th*y be addressed in detail in 
subsequent studies. 0 

HIGH INCLINATION ORBIT FACILITIES 

The satellites located in high inclination orbits are imminently suited 
to rcpetative, dose-range observation of the earth over a period of a week or 
two. Satellites of t,his type include advanced versions of the Landsats and 
Seasats, as well as some elements of the global weather ano resource base. 

One advanced observation satellite, the Landsat D, is sketched in Figure 73. 
As can be seen from the descriptive material in the figure, this space vehicle 
weighs 145 kilograms and carries 84 separate detectors. The spatial resolu¬ 
tions and the interfaces between the landsat D and other space vehicles are 
also sketched in the figure. Significant improvements in its sensor capabilities 
can be provided by the more advanced earth observation satellites which are 
discussed in the next few major subsections. 

Repetitive Earth Observations 


During the course of the Space Industrialization study, eight observation 
objectives were identified. These can be divided into two pon-overlapplng 
groups — repetitive, indicating an update scan of weekly or seasonal rates, 
and a one-shot mapping that may not scan more than once per decade. The latter 
are obviously candidates for short-life, recoverable, dedicated satellites, not 
necessarily Integrated into one vehicle. The former are more on the order of 
semi-permanent, multipurpose, perhaps, replicated or in multiple oroits. 

These missions with repetative objectives can be listed as follows: 

1. Crop measurement (global) 

2. Ocean resources/dynamics 

3. Water resources (land) and run-off forecasts 

4. Global effects monitoring 

These objectives can be fulfilled to a degree by the sensor technology which is 
being developed for Landsat. In general, this technology includes methods for 
making observations in the electromagnetic spectrum from radio (millimeter) to 
U.V., divided into suitable wavelength bands. 

One-Shot Earth Observations 


The one-shot (or infrequent) earth observations can be listed as follows: 

1. Oil-mineral location 

2. Topographic mapping 

3. High-resolution resource mapping 

4. High-resolution radar mapping 
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DELTA 3910 LAUNCH 

TORS COMPATIBLE 

SHUTTLE RECOVERY CAPABI LI-TY 

MAXIMUM WEIGHT 3660 LBS. 

ALTITUDE 705 KM 

POWER <_ 1500 WATTS 


PHYSICAl CHARACTERISTICS 


Op**f*tmg 
We»ght Kg 


i 


Figure 73. Landsac D Overview 
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In general, these objectives can be fulfilled by photographic sensors 
(passive) and'*''radar (active) sensors. Their intended result is an image that 
is directly related to the terrain and precision surveying. Operationally, 
these sensors cculd be iujected . nto a lew altitude orbit where they can collect 
data for one conplete^global survey, then be recovered to process the data. 

Tables 3 and 4 identify typical sensors applicable to each objective, 
and their pertinent characteristics, in so far as they are definable. Since 
the microwave radiometer antenna is so large in comparison with the other 
sensors, it seems desirable that this sensor should be placed on a separate 
platform. This is the approach that was alternately taken in the Space Indus-r 
totalization study efforts. 

Earth Observation Platform 


The earth observation platform (see Figure 74 ) is configured a9 a versatile 
3ensor platform that is Shuttle-launched and capable of gathering thematic and 
multispectrai data similar to that obtained from Landsat D. The increased 
spectral capability is obtained from three thematic mapping Installations, two 
multispectrai camera positions and two return-beam vidicon equipment locations. 

The platform shown in detail in Figure 75 (Dwg. 78255-006) utilizes space- 
proven equipment from the Landsat series of satellites. Improved subsystems in 
Lhe area of data handling, recording, solar array power generation and attitude 
control all contribute to a significant increase in the mean-time-betw« in-servicing 
and multi-frequency information retrieval. 

The structural hardback of a triangular shape has been retained (similar 
to previous satellites), however, the length and support provisions for the 
TDRS antenna, as well-as the solar array has been changed from Landsat D 
configuration. Provisions for various propulsion modules and Shuttle-mounted 
module exchange hardware has been retained. 

Total overall weight is estimated as 4000 kg — about 30 times the weight 
of the Landsat D. Additional weight (chargeable to payload) of the Shuttle 
support cradle, sensor services during 1 aunch, wire harness installation in the 
payload bay may be expected to be well within the Shuttle launch and retrieval 
capability. ~ 

1 * 

The thematic mapper information growth will be increased to 252 detectors 
and 21 bands. The multispectrai scanner information will increase by a factor 
of two over Landsat D information. Major performance improgemencs and utiliza¬ 
tion of selected frequencies may be expected over the life of this satellite 
platform. 

The 1 Shuttle launch configuration of the earth observation platform is 
sketched in Figure 76. As can be seen, the space vehicle fits snugly into the 
Shuttle cargo bay. 
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SENSOR 

CHARACTERISTIC 

WEIGHT 

KG 

(SIZE) 

RADAR, (SAR) 

Active Mapping 

1170, 

(3.6 m3) 

HI RES IR SCANNER 

IR Emissions 

155 

(4.0 m3) 

I.D. CAMERA 

Mapping 

56 

(0.3 m3) 

MULTI SPECTRAL 
■ CAMERA 

E.M. Emission 
Survey 

155, 
(1.3 m3) 

MULTI FREQUENCY 

MW RADI METER 

Temperature 

Measurements 

8 X 105 

50 M Dia 

25 M Len 


*AbstTacted Solar Terras trial~~Obsen>atory 

O S Space Oivtsion ('June 6, 1977)- 



Sensor CharacterIstl' 



irpmenttt, by P. Fagan, Rockwell Internationa) 
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One-Tine Observation Satellite 


The one-tine observation objectives can be satisfied by a Shuttle-launched 
high-resolution radar supplemented by an optical identification or metric 
camera. As in the repetitive objectives, the radar completely dominates the 
vehicle design, in the size of the antenna and the power required. In addition, 
there are significant data processing ana data storage problems to solve. 

At this time, no realistic preliminary design data has heen uncovered other 
than that of a prototype suggested by Ivan Becky's Aerospace report. For this 
reason, a basic engineering mission and radar data analysis was conducted on 
the following specifications: 


High-Resolution Side Looking Radar 


Drbit, pclar 
SwuLli width 
Resolution 
Array 

Prime Power 


925 km (103 mn. period) 99.15° incl. 
370 km 
15 meters 

3 meters by 15 meters 
12 kW 


Lngineering Analysis. 

A auick analysis of the geometry indicates thaL for a 925 km altitude, 
the distance (range) to the horizon is about 3300 kr, and the downward, look 
angle £o the lion/on is 63 degrees. 

If such a vehicle utilizes a repetitive pulse rate of 900, there will be 
holes in the plot representing the transmitting time. These holes would have 
tneiif intensity (in reception) reduced by the inverse of the duty cycle, thus 
the di'ty cycle should be quite small, at least 1:100. 


The lack of design data in this description dictates the following 
assumptions. We can assume that the 10 x 50 dimensions represent the antenna 
array, and that this is oriented with t>»e 15 meter length i.n the direction of 
the velocity vector. We can also assume that the carrier frequency would be 
chosen in or near L-band, e.g., 1.2 GHz. This would help minimize the atmos- 
phexic refraction and absorption. 

At a 925 Km altitude (103 minute period), the subsatellite track speed is 
about 7000 meter per second; to obtain 15 meter resolution, the pulse rate 
should be about 900 pps, and as short as possible. The travel time (2-way) 
from the radar to the nearest ground point is about .006 second, so the mini¬ 
mum integration time (interval between pulses) is somewhat greater. The reason 
is that the pulse must be directed in the forward direction (so called squint)', 
in fact, side looking radar systems work best when the look-angle is almost at 
grazing incidence to the horizon. 

Of course, the .:q,‘".L angle should be determined by how long the pulse 
requires to return 1rom the hortzon, and the amount the subsaiellife point 
advance:, in tin- time. The two-way time for horizon range is about 22 x 10“^ 
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seconds. In tnis time, the subsatellite point will advance by about 150 meters. 
Compared to 1300 miles, this is insignificant, so it can be neglected in all 
subsequent calculations. 

Since the two-way travel time is 22 milliseconds and the pulse period is 
1.1 milliseconds, some 22 pulses will be transmitted before the first pulse 
returned. In this time, the spacecraft will advance about 185 meters in its 
orbit. 


The antenna length of 15 meters is effectively multiplied by the number 
of reflected pulses it can receive. Each ground point acts as a reflector, 
varying from diffuse to specular; specular reflections are intense, but only 
over a limited angle; diffuse reflections,«are less intense, but are reflecting 
in all directions, corresponding to a cosine law distribution, and sc are about 
equally effective as a specular surface. The limit of visibility is set more 
b> the antenna directivity than the reflector's surface characteristic. For 
an L-band antenna, 15 meters long, the gain should be about 60 (14 db) and the 
beamwidth about 6 decrees. 

To put it differently, the receiving antenna is (for a 3300 km range) 
equivalent to 35 kilometers in width. For shorter ranges, the equivalent 
length is proportionally less. While this is not a real design, it points out 
the most interesting factor of a side looking radar system — that the limiting 
range is not bv the common inverse fourth-power law, but more nearly an inverse 
square law, because at greater ranges more pulses are received. 

It is interesting also that the angular resolution of a side looking radar 
does not degrade with' increased range. With the proper image processing 
algorithm, the final result is equally sharp over the entire frame. 

It the satellite is placed in an orbit at 925 km altitude, it will cross 
the equator (assuming polar orbit) every-25.75° in longitude, which is about 3700 km 
along the equator. Thus, the projected swath width (3300 km) and the successive 
nodal crossings (3700 km apart) are compatible so that in one 12-hour mission 
the radar would map the entire globe one time. 

Concluding Remarks 

Eased on the previous engineering treatise, it is suggested that this 
one time mission be performed by a descrete Shuttle payload mission. The 
antenna assembly could be Installed in the Shuttle payload Lay, orbit at a 
lower altitude for five to seven days, and accomplish the same objective. 

To accomplish this one-time data gathering mission, the Shuttle would 
have to be reconfigured for additional electrical energy — about 1500 kW 
hours (12 kW x 24 hrs x 5 days). TWo mission power kits of 840 kW hrs each 
would be adequate for this requirement. The 12 kW estimate included tne 
spacecraft services of communications, processing and stabilization. 

Considering the above engineering analysis and a proposed use of the 
Shuttle, no satellite has been designed to accomplish these one time objectives. 

It should be mentioned that only one Shuttle mission is required and that all 
data may be recorded and film is available for immediate return for processing ' 
and analysis. 
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A sketch of the large microwave radiometer is presented in Figure 77 - 
Althougn it is much smaller chan the hardware associated with some of the 
energy options, it represents the largest sensor structure that has been en¬ 
visioned in this Space Indiutrialvzatlon study. The radiometer is a linear 
phased array with 0 a cylindrical parabolic retlector that has an aperature of 
200 meters by 262 meters. The linear array serves as a line source feed along 
the focal line of the linear parabolic reflector. The array forms the beams 
in the transverse plane iver a Jbl5 degree scan angle. 

As shown on the drawing (Figure 78), the radiometer contains essential 
elements of structure, mechamsrs Cor figure control, electrical power genera¬ 
tion by two 25-kW power modules, stabilizing momentum wheels and altitude 
control equipment, as well as a complement of earth observation senscr cameras. 
The sensors and housekeeping functions of the configuration are rerviceo by t 'e 
docking of a Shuttle orbiter to the cenLer docking port. The overall -eight 
has been estimated at 256,284 kg (565,000 lb). 

Construction would be from Shuttle-supplied materials and by operation of 
a compliment of beam-form.ng machines on orbit. The reflector surface as well 
as the shield panels are designed to be delivered In a rolled-carpet configure 
tion out of the Shuttle t ayload ba>. All other equipment to be emplaced is 
also compatible with Shuttle launch capability. 

Thermal signature data from the earth surface may be collected in the 
discrete frequencies of 1.4 GHz, 4.99 GHz, 10.7 -GHz, 18 GHz, 22 GHz and 35 GHz. 
This temperature data is coi’tidered to be of value in determination of soil 
moisture, water and ice boundaries, sea and seiface temperatures, ocean current , 
mapping and mixing phenomena of the atmosphere. 

DuLa Del'ver y to the Ground INcr 


With the advent of increasingly larger observation platforms equipped with 
large numbers of sensors, the problem of transmitting the e"tra data to the 
ground users on tne available bandwidths of the RF snectrum becomes incre£« mgly 
difficult. There are three seemingly viable approaenes to solving or circum¬ 
venting this problem that received brief attention during the course of tne 
Space Industrialization study efforts: 

1. PuL a service astronaut on boar l the platform together with 
extensive computer 1 ardware and software to compress the 
amount of data that is to be transmitted te the ground-Lased 
users. 

2. Put astronauts anywhere in space together with extensive 

, computer facilities and pump the data to him using geo¬ 

synchronous relay satellites equipped with high-data-rate 
lasers. After suitable compression, data summaries would 
be transmitted to the ground. 
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TOTAL ** 490,791 LBS (222,623 Kg) 
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3. Pump the data to a desert station via geosynchronous relay 
satellites with lasers. For rainy days in the desert, a 
tethered balloon would be sent above the cloud layers and 
the data w&ild be pumped to the ground through fiber optics 
bundles running the length of the tether. 

These options were briefly explored but not enough attention was devoted tp 
them to resolve which (if any) is a viable option. 

SPS DEVELOPMENT ACUVITIES 

Gxcepi for the Soletta, the SPS is the most ambitious of all the initiati.es 
that have been advocated as a part of the apaac i*\iU8'bvialization efforts. Since 
the SPS plays such a pivotaJ role, it is discussed in detail in the following 
subsections. The material that is presented was extracted from a preliminary 
draft of the SPS Executive Summary, which is being published by the Rockwell 
International analvsis team as part oT the SPS study contract. 

SPS Design 

The photovoiiaic concept for the SPS is sketched in Figure 79. This 
particular version was aL the geosynchronous altitudes. It utilizes a 
tiree-trough coniiguration and delivers 5 GW to the utility interface on the 
ground. it has a single centrally located microwave antenna. 

GaAliV^ solar cells are used to produce the power using concentrators that give 
a 2:1 concentration ratio. A wore detailed description of the system and 
subsystems is given in 1‘ablc 5 . 


Figure 80 shows the end-to-end efficiency chain for the recommended base¬ 
line concepL which has been sized to provide 5 GW of electric power to the . 
utility busbar. With an overall efficiency of 6.08 percent, it is necessary 
to size the solar arrays to intercept 82.2 GW of solar energy. Hie quoted 
efficiency is the minimum efficiency, including the worst-case seasonal varia¬ 
tion (91 percent), the end-of-life (30-year) concentrator reflectivity (86 
percent), and the end-of-life (30-year) solar cell efficiency (15.2 percent). 

A summaiv of the satellite mass properties is presented in Table 6. The 
two major segments, the collector array and Che antenna section, are nearly 
equal in mass. , The major contributor to the collector array mans is the power 
source, winch includes the solar blanket and the reflectors. Tne solar blanket, 
ib the predominant mass. Antenna section mass properties are driven by the 
microwave i ower segment which includes the RF radiators and the klystrons. 

Total structure and mechanism mass is approximately 20 percent of the satellite 
dry weight. Total satellite weight, including a 30-percent growth factor, is 
36.5-million kilograms. Propellant resupply for attitude control and station- 
keeprng is a very small annual mass compared to the satellite mss. 
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Figure 79 . Photovoltaic Point Design Concept 



Table 5. Photovoltaic Point Design Characteristics 

OVERALL DESCRIPTION 

5-GW POWER TO UTILITY INTERFACE 
GEOSYNCHRONOUS CONSTRUCTION LOCATION 
SINGLE MICROWAVE ANTENNA 
GEOSYNCHRONOUS EQUATORIAL OPERATIONAL 0R91T 
SUBSYSTEMS 

1 POWER CONVERSION 

* GaAlAs SOLAR CELLS 

* CONCENTRATION RATIO - 2 
ATTITUDE CONTRGl/STATIONKEEPINC 

* Y-POP. X-IOP 

* ARGON I3N THRUSTERS 
POWER DISTRIBUTION 

* AS.5 KV OC 

* STRUCTURE/WIRING NOT INTEGRATED - 
NICRMWAVE ANTENNA 

* GAUSSIAN BEAM * RCR WAVEGUIOE PANELS 

* E.AS-CHt FREQUENCY * TENSION-WEB, COMPRESSION 

* ELECTRIC PHASE CONTROL FRAME STRUCTURE 

STRUCTURE 

* ALUMINUM (GRAPHITE/THERMAL PLASTIC ALTERNATE AS NEEDED) 

* SEAM MACHINE CONSTRUCTION 

INFORMATION MANAGEMENT , 

* DISTRIBUTED 
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Figure 80. Pliocovoltaic Point Design Fnd-OE-Life Efficiency Chain 


Table 6. Photovoltaic Point design 
Mass Statement 



subsystem 


! WEIGHT 
[(MILE I ON KG) 


SIRUCI'JRES ANO MECHANISMS 
POWER SOURCE 

POWER DISTRIBUTION G CONTROL 

ATTITUDE CONTROL 

INFORMATION MANAGEMENT G CONTROL 


TOTAL ARRAY (DRY) 


(U SW) 


ANTENNA SECTION 

STRUCTURE ANO MECHANISMS 
THERMAL CONTROL 
MICROWAVE POWER 
POWER DISTRIBUTION G CONTROL 
INFORMATION MANAGEMENT G CONTROL 


7 012 
3 MB 
0 630 


TOTAL ANTENNA SECTION (DRY) 


(16.167) 


TOTAL SPS PRY WEIGHT 

GROWTH (301) _ 

TOTAL SPS ORY WEIGHT WITH 

propellant per year 


GROWTH 


28 086 
8 625 
36 509 
0 060 
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Energy Con vers turn 

Figure £1 shows the configuration of the SPS point design solar array 
wing structure- The concept is a three-trough, two-tier system. The structure 
is made up of cn-beam girders whore longitudinal members and transverse struts 
are fabricates cm orbit by a beans machine. Shear stabilization of the-tri-beam 
girders and tie -wing itself is achieved by the use of X-tension cables. Cur¬ 
rent structure (material is structural aluminum. Excessive stresses and/ot 
deflections ccuTd drive the material selection to the regime of composites. 

The dineasiocs indicated have been verified to be adequate when the vehicle is 
subjected to a -worst-case forces and torques environment in geosynchronous 
orbit in that eft ey result in an acceptable margin of safety for a basic material 
thickness of 0 .mm (0.010 in.), which is considered minimum gauge. 


TRIBEAM GIPDER 5ECTI0U 



Figur- 8T shows the solar array blanket description and array character¬ 
istics. The pnimx disign utilizes a GaAlAs solar cell efficiency of 20-percent 
AMO, 28°C. ard this sizing of the array is based on 125°C operating temperature 
(17.6Z cell eff irraency). The total output of the array is 9.92 GW with a 
voltage output c E ^5.5 kW for each array panel. The solar blanket weight is 
7.65*10' kg, c m.-.e total array weight (including the concentrator) is 
8.83*10' kg. rSt.fi weight is based on a specific weight for the b3anket of 
0.25 kg/a~ and 61-2*10® m 2 cell area. A cross-section ot the solar cell is 
also shown 'rig-ms 32). The 20-pm synthetic sapphire (AliOj) substrate, used 
in an inverse orljEr.tation, also acts as the cell cover. The reflectors are 
.-composed of.;r2-5^umi^lu.-inized kapton. 
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Figure 82. Photovoltaic Energy Conversion System 


l.igr.m of ihc overall power distribution subsystem is presented 
Power obtained at the subarray is transferred to a summing bus 
u li gtar (SC) ind nanuuir operated circuit-breaker. Power is 
red from the nonrututing member to the rotating member of tne 
through slip rings and brushes. On the rotating member, power is 
switch gears to dc/dc converters which output the six primarv 
lrid bv the kl\strons. l'acli voltage Is conducted to a summing bus 
tc'i geir. Subsequentlv, cath voltage is conducted from the summir 
135,864 hlvsLrons. 
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Attitude Control and Stationkeeping 

y 

Trade studies indicated the desirability of a simple ACSS employing high- 
performance electric thrusters, and use of the Y-POP, X-IOP orientation and 
inertia balancing to minimize attitude control propellants. Figure 84 shows 
such a systemoemploying eight RCS ^uads, two on each corner of the spacecraft. 
The total RCS propellant requirements (see cable) are low, due primarily to the 
high specific impulse (11,000 s) which is believed to be feasible with the 
argon ion bombardment thrusters. 



Figure 84. Photovoltaic Attitude Control anJ Stationkeeping Subsystem 

1 


The dominant stationkeeping propellant requirement is the complete cor¬ 
rection of the solar pressure perturbation. This requirement can be eliminated 
if a ±3.1-degree longitude stationkeeping accuracy is acceptable. The present 
staticnkeeping accuracy goal is 0.5 degree. An effort is currently underway to 
define a solar pressure correction policy which meets the 0.5-degree accuracy 
requirement, but will reduce the propellant requirement. 

The ACSS attitude reference determination system features,charge-coupled 
device (CCD) star and sun sensors as well as electrostatic or laser gyros and 
dedicated microprocessors. Five attitude reference determination units are 
1 at various locations on the spacecraft to sense chemal and dynamic body bend¬ 
ing and to desensitize the system to these disturbances. The control algor¬ 
ithms will feature statistical estimators for determining principal axis 
orientation, Ucdy-bendtng state observers or estimators, and a quasi-linear 
RCS thrust command policy to provide precise control and minimize structural 
bending excitation. The ACSS hardware mass is very small relative to the 
30-yea? propellant requirement. 
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Satellite Antenna 

The basic satellite antenna configuration is shown in Figure 85. Three 
main components comprise the structure—a tension web made from composite wires 
or tapes, a catenary cable that transfers the web tension to the vertices of 
the third component which is a hexagonal compression frame. Original analyses 
of this structure assumed art allowaole midspan web deflection of only 0.75 cm. 
As a result, the structure weight vas comparable with other concepts such as 
the rigid matrix system. Recent work in the microwave subsystem area indicates 
that raidspan deflections of approximately one meter are acceptable with the 
resulting misalignment being compensated by electronic beam steering. 



The smallest ant°nna building block is the power module, which varies in 
size from the one illustrated (which is used at the center portion of the 
antenna) to 3.40 by 5.82 meters at the periphery of the antenna. Ten different 
power module sizes are used to comprise the antenna. Each power module has a 
klystron located in its center. The power modules are arrarged into subarrays 
measuring 10.2 by 11.64 meters. Each subarray has its own phase control elec¬ 
tronics'. Nine subarrays are connected to form a mechanical module 30.62 by 
34.92 meters. The mechanical modules are attached to the tension webs. 

Rectenna Concept 

Each rectenna is designed to accept power from a single satellite and pro¬ 
vide 5 GW of power to the utility interface. As shown in Figure 86, a typical 
rectenna site located at 34°N latitude covers „n elliptical area 13~ca - in the ' 
north-south direction by 10 km m the east-west direction. This area contains 
814 rows of rectenna panels tilted 40 degrees from the horizontal, providing 
an active intercept area of 78.54 km 2 . 
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Figure 36. Rectenna Site 


SPS Construction 

The entire satellite is constructed in geosynchronous orbit. Construction 
equipment and materials are transported from LEO to GEO on a solar-electric 
propulsion vehicle previously described. Men are transported between LEO and 
GEO on a two-stage LH2/LO2 rocket-propeiled vehicle. 

The sequence and schedule for satellite construction are shown in Figure 87 
A single integraced construction facility builds the structure and installs the 
solar blankets, reflectors, power distribution system, and other subsystem ele¬ 
ments located in the wings. Construction starts with one wing tip and progiesses 
toward the center section where the rotating joLnt for the microwave antenna will 
be located. Construction then continues outbound, building wing number 2, and 
terminating at that wing tip. 


The first eight days are designated for pteparation of the construction 
facility. Prior to the eighth day, sufficient materials have been delivered 
to satisfy the first several days of consturction—primary structural material 
(beam machine cassettes) for half of the satellite; solar blanket and reflector 
roll's, electrical conductors, and switch gear for the first two bays; and micro- 
wave antenna components. Since the rear side of the facility is always exposed 
to space with no interference rron the mam construction activities, it is used 
as the jig for building the microwave antenna frame and as the location for 
assembly and installation of the lO'OO-m r.icrowave subsystem mechanical modules. 
Fabrication of the microwave antenna for this Nth satellite was started on the 
50tn day of construction of the previous (N-l) satellite and is continued up 
through the 48ch day of construction of this satellite. At that time, it is 
ready for installation on the slip ring mounted trunions. 

Each satellite './ing consists of 12 ba>s which are 800 m long. These are 
constructed at the rate of one every two days using throe 8-hour shifts per 
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day. The structure and installation af the power conversion system of Wing 1 
is completed on the 34th day. While ^ing 1 construction is taking place, the 
microwave antenna crews are proceeding with the assembly, test, and installa¬ 
tion of the antenna elements into tne antenna frame. The antenna assembly 
continues during.the construction of the center station. 

Subsequent to completion of Wing 1, the construction facility constructs 
the longerons and frames.in the center section, installs tne slip rings, con¬ 
structs the tension supports, installs the trunions, and installs power wiring 
in the center. Although i6 days are scheduled for this activity, the timeline 
requires only 12 days with two additional davs scheduled for transfer of the 
antenna to the trunion mounts. Two days are allowed for contingencies. 

lamediatelv upon completion of the center section primary structure, tne 
facilities for the operation and maintenance base are installed and the first 
operational maintenance crew arrives to support installation of the antenr.a 
control elec'tronics and satellite -heckout, which takes place from Day 50 
through Day 69. 

By the 51sc day, all satellite hardware has been delivered. On-site 
logistics activities are thererore greatly reduced, freeing construction sup¬ 
port personnel for subsystems hookup and checkout during the Wing l construc¬ 
tion period. 

Use oi the construction facility is completed on Day 78, and fliaway 
transfer to the construction site of the next satellite occurs on Da> 84. 

Final satellite cneckout and acceptance testing is completed on Day 86. 

Figure S8 snows a perspective view of the tribeam construction facility. 
The facility is configured to restrain the fret* end of each cross-frame member 
as it is fabricated. After completion of each 800 m of longitudinal members, 
the construction facility is stopped, the cross-frame complexes are translated 
to their offset positions, and the cross-frane members are completed and joined 
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Orbital Base Concepts 

Three orbital bases have been identified to support satellite construc¬ 
tion, satellite operations and maintenance, and low earth orbit logistics. 

These concepts are described below. 

Satellite Construction Base 

Construction of the satellites takes place in GEO at its designated opera¬ 
tional longitude. The concept for the GEO construction base is illustrated in 
Figure 89. Construction is accomplished almost entirely from the single 
assen)bly and fabrication fixture shown in the left side of the figure. A crew 
size of 640 has been established for accomplishing the construction in the 
scheduled time. The crew and their facilities are divided equally and are 
located on each side of the hexagon portion of the fixture. One of these 
320-men bases, shown in the figure, consists of 7 three-module crew habita¬ 
bility complexes plus two base management modules, two pressurized storage 
modules, and solar array power modules. 



The modules of the crew habitability complex are described in more detail 
later (Figure 91). Each complex is composed of two crew habitability modules, 
each of which provides staterooms, personal hygiene facilities, .jnd support 
subsystems for 24 crew members; md one crew support module chicVj provides 
galley, r;creat*onal and medical facilities, and subs\stems tor the 48 creu 
members of the two crew habitability modules. Base management modules house 
the communications and control systems for the base and the construct ion 'facil¬ 
ity. The pressurized storage modules include workshops lor maintenance of 
construction facility elements and satellite hardware as required. 

Seven of the modules (indicated bv the dashed lines) are hardened against 
solar fare radiation and serve as tenporirc quarters tot the entire irew uhen 
the base is subjected to th»t environment. 
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Operations and Maintenance Case 

Figure 90 shows the permanent operations and maintenance base which is 
installed on each satellite prior to completion of construction. This base is 
located near the center of the safellite for best access to all parts of the 
satellite, and is installed subsequent to completion of the center structure 
as described In the discussion o f the construction schedule. A maintenance 
crew of 20 has been estimated. The functions of the five modules which com¬ 
prise the base aie identified in the future. The crew habitabilitv module 
inremal configuration is the sane as for the construction base. The crew 
support module also has the sane internal functions as tne construction base, 
but occupies only" half of the module, the other halt bein, an integrated muiti- 
erew member EVA preparation and airlock station. 



Figure 90. Geosynchronous Orbit Satellite 
Operations and Maintenance Base 
(Crew Size: 20) 


Low Earth Orbit Base 

The LEO base personnel provide supervisory activities for transfer of up 
and down payloads between the HLLV and the OTV’s and perform the scheduled 
maintenance required by the COTV (changcout of thruster screens). Figure 91 
illustrates the concept for this base. it has one criw hahitab'litv module 
and one crew support module of the same coni"igurat ions as the CEO construction 
base, except that sis of the 30 st iterooms are located in the crew support mod¬ 
ule. Direct transfer of crew and equipment between the HLLV anJ the 0T\'s is 
planned; however, multiple docking ports ind excess subsvstems capacitv and 
power are provided for cmergene\ staging support. 
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Figure 91. Low Earth Orbit Base (Crew Size: 30) 


Mass Flow to Orbit 


Satellite mass flow requirements, categorized uy major subsystems to 
support the construction schedule of one satellite, is shewn in Figure 92. 

The initial mass requirement can be a_i omroulated on one COP'- and woalu be 
scheduled to arrive at the CEO site during the construct ion facility prepar¬ 
ation, which occurs during the eight days prior to commencement of satellite 
construction. The schedule requires that all matenaL he. delivered in 72 days. 
However, it is planned to construct Cue antenna frame and commence installation 
of antenna components tor the next SPS during the latter part of u\e construc¬ 
tion schedule. Material deliver! to support this construction is shown on the 
microwave antenna "H rotary joint line, which extends past the 72 da\s. 

A total of A09 HLcV flights is requir .■* to transport 37|2xlO® kg. repre¬ 
senting the mass of one SPS, to LEO. Ten a -'erent payload mixes, averaging 
91,000 kg each, have been defined mu set, • ad to support construction needs. 
An HLLV launch schedule of eight flizhts per dev has been postulated an- 1 Is 
shown as the top line of the figure. The scheduLe is within the projected 
launch rate capabilicv, considering other requirements su< "i as maintenance 
material and crews. This results in toral SPS mass deliver! m 51 da>s— 

21 days ahead of the recuired completion—thus providing vonsidcrahle margin 
for contingencies which could slow deliver! -rate. 

An analysis of cargo packiging u is conducted to assuic thic the construc¬ 
tion materials can be prooerlv pickaged m quantities consistent with oonsCrut- 
Cion requirements and in packages that full! utilize the p.vload weight 
capability of the HLLV, .hilc not extending the volune lonstramts Table 7 
illustrates packaging .oncepts for major elements of the satellite. These 
package configurations, sizes, and specitied quantities per satellite are 
designed for combat lb il ir.* with the satellite t onstriu i ion wfivt.pt iad con¬ 
struction equipment described eirlier. 
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Figure 92 . Hass Flow Demands for Satellite Construction 


Table 7. Cargo Packaging 


SPS 

CLEMENT 

PACKAGING 

package DMENSIONS 

NO 

REQUIRED 

NOTES 

STRUCTURES 

CASSETTES 

OF 

ALUMINUM 

TAPES 


life 

4 DIFFERENT 

TAPE LENGTHS 

2500 KG AVE MASS 

SOLAR 

BLANKETS 

ROLLS 

"T 

1432 

750 M LENG1H/ROLL 

7134 KG/ROLL 

REfLECTORS 

ROLLS OF 
'ABklC-HINGED 
ALUMINIZED 
KAPTON SHEET I 

25M -~H 

144 

"”,|[pj •gs c,r 

.12,780 KG/ROLL 

antenna 

WAVEGUIOE 

PANELS 

SUI ARRAYS 


6993 

• All SUIIARRAYS HAVE 

SAMI OVIRAll DIMENSIONS 

• IOOiFfE«>Mi POAER MODULE 

SIZES - QUANTITY VARIES WITH SIZE 

• SUBAkVAY MASS IAVE> -714 AC 
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The primary structure cassettes simultaneously feed each beam machine to 
produce the basic 2-m^.triang’ilar beam elements used in construction of the 
53-m girders. All cassettes contain sufficient material to complete half of 
tlie satellite structure, thus requiring replacement only once during satellite 
construction. 

Each solar blanket roll is 750 m long—the length required for one bay. 
For a 500-m-wiie bay, 22 of these 25-m-wide rolls are mounted side by side in 
the blanket layer and deployed simultaneously. End and side attachment 
materials and hardware are packaged separately. 

The reflectors are 600 m wide and 800 m long per panel when deployed. 

When packaged, the reflectors have an accordian-fold 25 m wide. The resulting 
25*600-01 strip is then rolled for packaging as shown. 

The 6993 waveguide panels are the Lowest density payload item and, there¬ 
fore, become a major driver in packaging and scheduling payloads. Based on 
the average shipping dimensions and mas-> for each panel given on the table, a 
maximum of 22 panels for a total mass of 15,750 kg can be carried in rhe HLLV 
cargo bay. 

In addition, klystrons (which do not present a packaging problem) are a 
major payload item. The microwave antenna contains a large number of sub- 
arravs that, in turn, are composed of up to 50 power modules. Each power 
modul’ has a klystron which is shipped co CEO separately and inserted after 
the subarray has been secured to the antenna. Each klystron has an average 
volume of 0.092 m 3 and weighs 45 kg; 135,864 are required for each satellite. 

Propellant Production 


For each kilogram of mass to orbit, 16 kg of propellant are needed for 
the HLLV, assuming the use of a honzontal-takeoff, single-stage-to-orbit 
concept. Of this propellant. Lne mass ratio of oxygen to hydrogen is 1.7:1. 
»ilthough oxygen comprises the greatest mass, production of hydrogen presents 
the greatest problem. 

Several processes were considered for the production of hydrogen. Of 
these, coal gasifica-ion and electrolysis of water appeared to warrant m- 
depth analysis. These processes were analyzed to assess relative production 
costs and, for coal gasification, the method of transport of coal or hydrogen 
to the launch site. It is assumed that electrolysis can be accomplished m 
the launch site area, negating the need for long-distance transportation. 

The major results of this evaluation are presented below in Figure 93 and 
Table 8. Figure 93 compares the costs of liquid hydrogen delivered at the 
launch site.' Little difference in cost exists between producing the hydrogen 
at the coal mining site and shipping hydrogen to the launch site versus ship¬ 
ping coal (as slurry or on a cram) to the Launch site and producing hydrogen 
at the launch site. Electrolysis costs (assuming 10-mil/kW-h) are about twice 
the cost of coal gasification. As shown in Table 8, electrolysis has other 
advantages, of which environmental considerations are most imoortant. 
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Figure 93. Prelim’nary Propellant Production Cost Comparisons 

These data need to be incorporated into an economic assessment to deter¬ 
mine impacts or. total transportation costs. The synergism of the 3PS concept 
and electrolysis would appear appealing if the overall cost impacts are not 
significant. 

I Table 8 . Comparative Summary 

' PQSTIVE FACTORS FOR : 1 J 

COAL GASIFICATION SPS ELECTROLYSIS j 

• ENERGY REQUIRED 

• COSTS 

• ENVIRONMENTAL CONSIDERATIONS 

• TRANSPORTATION REQUIREMENTS 

® HYDROGEN ECONOMY 

• MULTI-PURPOSE FACILITY 



Rectenna Construction , 

Major elements of a 5-GW rectenna site located, at approximately 34°N lati¬ 
tude are depicted in Figure 94. In order to minimize electrical wiring from the 
rectenna panels, two electrual switch} irds ire emploveu, eacn with its own con¬ 
verter and relay building. A rail spur Line ;ould hi utilized, predominantly 
for the Construction phase, to bring in gravel tor the access roads and concrete 
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planes akd transformers for the switchyards. The four concrete plants would be 
removed after serving their function. The rectenna farm of 10*13 km contains 
814 rows of rectenna panels tilted 40 digrees from the horizontal, providing an 
active intercept ^rea of 78.54 km'. Since an individual panel is, 12.24<14.69 m, 
some 436,805 panels have to be assembled on site and erected. 



Figure 94. Rectenna Site Elements 


Since the selected rectenna panel concept is comprised of solid sheets 
1.35 cn thick, they are relatively insensitive to we.itner. However, because 
they are solid, high wind loads (up to 90 mph) must be considered in the con¬ 
struction of the support structure. Overall arriv deflections must be less 
than 3 cn. The support structure showr in Figure 95 emplovs preformed hat sec¬ 
tions, standara I-beans, and 3.5-mch-diameter Lube traces. The I-beans and 
braces support the structure on concrete piers. 



Figure 95. Rectenna Array Support Structure 
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Assembly of rei.Cer.na panels represents the major construction time chal¬ 
lenge. The large numbers dictate the need for an assembly and er-ction concept 
like Chat shown in Figure 96. Fundamentally, the concept is a mobile assembly 
jig which, after having completed its snare of the construction operations, can 
be disassembled and transported to 0 another rectenna site. The assembly jig can 
be loaded to contain 10 sets of rectenna panel elements. Since eacn set weighs 
2JC0 l'g (-4800 ib), cite 10 sets can be delivered to the jig on a single flat¬ 
bed truck. After the truck cru.ie lifts off a completed rectenna panel (see 
insert) from their loaded locations at the side and end of the jig, the hat sec 
tions and I-beam tube braces are conveyed into place. Stops are used to assure 



Figure 96. Rectenna Panel Assembly Concept 


exact positioning and alignment. The manned truck-mounted crane unit then 
passes over the jig, securing tne hat sections to the I-oeams and laying down 
the adhesive for the rectenna panels. These operations consume approximately 
21 minutes, hext, the rectenna panel crane moves longitudinally across the 
jig, placing each of the twenty 0.74-m-wide panels onto the completed structural 
frame- A geared eccentric roller on this crane provides the pressure to secure 
the rectenna panels to the frame. Wiring harnesses are then installed and the 
hoist sling is attached from the truck crane for removal of the completed unit. 
Ten array panels could be assembled in one eight-hour shift, but the number of 
assembly Jigs is based on one assemble per hour. Installation of the completed 
panel on concrete piers is estimated to take about 20 minutes. One truck crane 
and installation crew should be able to work with two asstmb.lv jigs at a time. 
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Impacts of rectenna siting alternatives on ease of integration into the 
power grid, power management, and cost have not yet been accomplished. This 
analysis requires an interaction between NASA and DOE activities. NASA must- 
define the alternatives for rectenna locations, and DOE then must determine the 
impact of alternatives on the power grid. Three approaches to rectenna location 
that should bracket the possibilities are: (1) distributed, but near the load 
centers; (2) regional clusters; and (3) single location for all rectennas. 


TRANSPORTATION ELEMENTS 

A key element In overall feasibility of future space initiatives is the 
transportation concept(s), either available or projected to be available in 
the time frames being considered. Since transportation costs contribute signi¬ 
ficantly to the total cost of future spues Indus trializatio > , methods of reduc¬ 
ing transportation cost or simplifying transportation operations is mandatory. 
Primary drivers in establishing future transportation system requirements are 
the projected high mass flow and flow rates to low earth orbit (LEO) and geo¬ 
synchronous earth orbit (GEO). 

The Space Shuttle provides a new era of space transportation that will 
allow economical delivery and return of payloads from space during the early 
to mid 1980's. As new initiatives are started in the mid to late 1980's, 

Shuttle derivative configurations (SDV-1) with significantly increased annual 
cargo delivery capability (in excess of 6000 metric tons/year) will be avail¬ 
able at a cost/kg to LEO of approximately 15 percent that of the Space Shuttle. 

In addition, solar electric propulsion (SEP) concepts will be available to more 
efficiently transfer larger cargo masses from LEO to GEO. By virtue of their 
higher propellant specific impulse, the total cargo mass requirement to LEO 
(primarily propellant) may be reduced by more than 50 percent of that required 
of a chemical system. 

As we enter the 1990's and begin exploitation of the various spkce generated 
energy options, another evolution in space transportation systems, will occur 
because of another quantum jump in orbital mass delivery requirements. A larger 
SEP system, with a payload delivery capability to GEO of up to 40 metric tons, 
will be required for transfer of solar power satellite (SPS) cargo. In addition, 
this SEP system may be employed as a proof-of-concept for the SPSJ 

In the late 1990's, a new earth launch vehicle concept will be required to 
support Che construction of the first operational SPS. A preferred concept is 
a horizontal launch single-stage-to-orbit vehicle witn a potential annual 
delivery capability to LEO of 600,000 metric tons at a cost of $12 to 15/kg 
(1976 dollars). As we transition into the operational solar energy program, an 
even larger SEP system with a payload capability to GEO of up to 5000 metric 
tons will be required. This SEP cransfer vehicle will father reduce the cargo 
mass to GEO by 80 percent of that required by a chemical OTV system. 

A brief description of some of the major future transportation system 
elements are described in the‘following paragraphs. « 
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Space Shuttle Derivatives (SDV-1) 


Basically, th^Shuttle derivative configuration replaces the Shuttle 
Orbiter with a cargo carrier capable of placing unmanned payloads of 84,000 kg 
in LEO, Figure 97. In addition, Shuttle solid rocket booster (SRB) is 
replaced with lower operational cost recoverable liquid rocket boosters (LRB). 
The LRB's utilize derivatives of thejapace Shuttle main engines (SSME). The 
derivative engine is a multi-mode engine which is capable of operation with 
LOX/RP and LOX/LH2 to further reduce operational costs. The operational flew 
of the SDV-1 will be similar to that of the Shuttle transportation system. 
Because the vehicle is unmanned, a reduction in processing and launch prepara¬ 
tion tines may be expected. Minimum facility modification® will be required 
for servicing of the LRB in lieu of the SRB. The recoverable elements of the 
SDV-1 consist of the LRB's and a propulsion/avionics module. Recovery of the 
payload shroud is optional (i.e., no apparent cost advantage). A typical 
mission profile is depicted in Figure 98. 


Since tile SDV-1 is designed for cargo only, the Space Shuttle O’-biter will 
continue to provide the required personnel delivery to LEO. The derivative 
LRB's will also be used with the Shuttle Orbiter to provide a greater Orbiter 
payload delivery capability and reduced operational costs. 

I VEHICLE CHARACTERISTICS 1 
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Figure 97. Space Shuttle Derivative SDV-1 
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Figure 98. SDV-1 Mission Profile 


Horizontal Takeoff Single-Spa •e-To-Orhit (HLLV) 

The next generation earth launch vehicle will employ an airline transporta¬ 
tion concept in order to minimize operational maintenance and turn-around times 
and overall operations cost. The need for vehicle stacking and staging, and 
recovery of booster stages at sea will be eliminated. The winged HLLV is 
designed to take-off and land on standard-j-t aircraft runways. The only 
unique facilities will be those required for cryogenic propellant servicing. 

The single-stage-to-orbit configuration utilizes a wet-wing concept and 
multi-cycle airbreathing engines from takeoff to -M = 7. Three SSKE-type 
engines-are employed from M = 6 to LEO. The vehicle has a cargo bay 6 x 6 x 30 m, 
and is capable of placing 91,000 kg in a 550-km equatorial orbit. 

The winged booster, illustrated in Figure 99, is a tri-delta flying wing, 
consisting of a multi-cell pressure vessel of tapered, intersecting cones. 

The wing contour is a supercritical Whiccomb airfoil section with the leading 
edge modified to improve supersonic and hypersonic performance with essentially 
no reduction in subsonic performance. The outer panels of the wing and vent • • 
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BOOST AND RE-ENTRY 


Figure 99. Winged HLLV - HTO/SSTO Concept 


system lines in the wing leading edge provide the gaseous ullage space for the 
1112 fuel located in the inner two panels of the wing. LO2 tanks are located m 
the wing about the c.g., over the five inboard airbreather engines in each wing 
panel. 


In the aft end of the vehicle, three uprated SSME-type rocket engines 
(thrust *= 1.8 x 106 lb) are connected to a two-cone LH2 tank with a double-cone 
thrust structure. Approximately 50 percent of the volume of the vertical 
stabilizer is utilized as part of the gaseous ullage volume of the LH2 Lank. 

The cargo bay is located forward of the LH2 tank. The cargo bay floor is- 
designed similar to the C5-A military transport aircraft; this permits the use 
of MATS and Airlog cargo loading and retention systems. The forward end of the 
cargo bay has a circular seal/docking provision to the forebody. Cargo is 
deployed in orbit by swinging the forebody to 90 or more degrees about a verti¬ 
cal axis at the side of the seal, and transferring cargo from the bay on tele¬ 
scoping rails. Recapture and reloading of the cargo in space is the reverse 
of that procedure. A size comparison of the winged HLLV and the C5A Galaxy 
is shown in Figure 100. 

Ten high-bypass, supersonic-turbofan/airburbo exchanger/ramjet engines 
with a combined thrusc of 1.4 x 10^ lb are mounted under the wing. The inlets 
are protected by retractable ramps that close the inlets and»fair the bottom 
surface into a smooth, continuous surface suitable for Sanger skip glider or 
high angle-ofrattack ballistic reentry. 
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Figure 100. Winged HLLV - HTO/SSTO C-"A Galaxy 


Unlike the ballistic HLLV, the winged vehicle is capable of cruise to the 
equatorial plane prior to injection into LEO. Therefora, there are 12 orbital 
rendezvous opportunities to a particular orbit with essentially a continuous 
launch window. 

The winged booster trajectory is presented in Figure 101. Takeoff is 
accomplished under high bypass turbofan/air-turboexchanger power, with the 
ramjet acting as a supercharged afterburner. After clearing the runway, a 
launch gear truck is jettisoned and recovered by parachute. The vehicle then 
proceeds to climb to optimum cruise altitude and Mach number tinder turbofan 
power only. At cruise altitude, excess airbreathing engines are shut down _o 
provide economical cruise to the equatorial plane. A large radius turn is 
executed into the equatorial plane, the idle airbreathing engines reignited, 
and a subsonic climb to a suitable altitude is accomplished under turbofan/ 
air-turboexchanger power. A pitch-over into a constant energy, shallow-angle 
dive is than executed to accelerate through the high drag transonic region; 
after which, the vehicle will pitch up into a supersonic climb attitude — 
still under turbofan/air-turboexchanger power. At approximately Mach 3 and 
85,000 feet altitude, the aicbreathmg engines transition co the ramjet mode 
and the turbojet shutoff vanes are closed to limit turbine machinery lempera- 
tures. Hie rocket engines are ignited at approximately 100,000 feet and 
6200 ft/s, and bum in parallel with the ramjets. The ramjets are throttled 
down and the air induction system closed at Mach 1.2 and 130,000 feet. The 


162 







Figure 101. Winged HLLV - HTO/SSTO Trajectory 

vehicle continues ascent to an elliptic equatorial orbit of 91 x 550 km after 
which the rocket engines are shutdown. A Hohmann transfer into circular orbit 
is then executed with the auxiliary propulsion system. 

For reentry, the auxiliary propulsion system provides the AV required for 
deorbit. A low-flight-path -angle, high-angle-of-attack declaration maneuver is 
executed to approximately Mach 6. Partial plane changes are accomplished du:ing 
this deceleration period. The angle of attack is then reduced to achieve max - 
num lift/drag for high-velocity glide to subsonic velocity. At approximately 
Mach 0.85, the inlets are opened and sufficient airb*~eathing engines are 
igniteJ for powered flight to the launcn sice, and ven.cle landing. 

Chemical Orbital Trarsfer Vehicles 

A family of c emical OTV's will be required for-transfer of cargo and 
personnel from LEO to GEO for most proposed future space initiatives. These 
orbital transfer vehicles will be of tnr same basic design, but will vary m 
s^ze to maintain compatibility with the earth launch vehicle concept in use at 
that particular time. A common-stage concept will be employe^ to simplify 
operational requirements and toi-.imize cost. 

The OTV configuration presented in figure 102 is a mature version to be 
employed with the advanced winged HLLV configuration. The overall length, 
diameter, cank structures, and docking mechanisms are identical. The only 
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HgUie in 1 . ( omnon-Mage LUj/UIj OH Concept 

sig.ul leant Jifiuieine in ootii stages -ire tlw number «>t unpmes — fojr tor the 
lirst stage, and two fi.r the serond st go. This approach requires, three winged 
HLLV t lights, to u. liver t 91.000-kg pat load to CIO (Figure U'i) i Tiie first and 
second stage-, and p ly lo id module would ho assembled or. orbit. Following the 
LhO-otO uis.si.on. the spent UIV starts would be recovered in LEO bv subsequent 
vi. ed-HLoV vehicles and r.turned to earth ior refueling, refurbishment and 
reuse. 


For personual tran-fu , the same OTV would bo e op loved vifsh a crew and 
resupply nodule (CKM). A conceptual la\out of the CRM is shown in Tigure 104. 

\ command nodule iron is required to monitor anJ control 01V performance 
during crew rotat.on flights. lhi*. lunction is .neorporaied in the lorward 
section of the pissenger module as Miown. Spacing and layout of the passenger 
module is comp a tab lo to iiirreni commercial airline practice. .V nominal pack¬ 
ing density ol lbO kg/m^ (10 lh/ff*) is assumed fot resupply consumables. Tlie 
resupplv modules will be exchanged each mission. While at GLU, the resupply 
module could be used as the consumables storage module. Thus, multiple access 
aisles are also included in Liu sizing of Use resuppl/ module. 

The logistics profile for a 48-man contingent at -geosynchronous orbit ior 
90 days is presented ir Table 9. 
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Table 9. Crew Rotation/Resupply Logistics Profile 


1 tem 

Factor 

Up Payload 
(kg) 

Down Payload 
(kg) 

Pe rsonne1/Pe rsona1 

Effects 

^8 Men x 110 kg/man 

5.280 

5,280 

On-Orbit Consume* les 

3.6 kg/Man-Cay x 
(1*8 Men) x laC Days) 

15.550 

- 

Consumables Containers 

I0e of Consumables 

1.555 

1.555 

Passenger Module 

200 kg/Man x 48 Men 


9,600 

Resupply MoJule 

20. of Consumables 

3.110 

3.110 

OTV Crew MoJuie 

Self-Sufficient - 
2-Mar, Crew 

2.000 

Vv.- ; " ’ /; : r\ v 


TOTAL 

37.095 
(81,600 lb) 

Sit ■ f S 

♦considered as mLevral p. 

irt of passenger moduli 

mmm 

M 


l .loctr ic Orbital lr.uv.ter W hi nes ( COIV) 

Tile requirement for low thrust, liif 11 specific inpulse propulsion Mstuss 
to tiansfer satellites or their materials iron Li U-co-wEH stems from the pro¬ 
hibitive propull mt demands ol chemical orbital transfer systems b'ecause of 
the limited i<4di's) specific impulse of foiesee.ible cliomic.il systems. 


The nnjor techno!og\ options for the elect!ic OTV propulsion subsystem 
concern the thruster t\po, size, and design operating point; the power inter¬ 
laces between rlie thrusters and the solar array or otuer prinuri source; and 
Lite propellant tvpe, storage, and distribution. 


Tlie accelerator and discharge power sources are small solar acra/s near 
the thruster*. This location reduces can ling mass at the low voltage involved; 
plasma discharge is negligible, because only 50 kW per thruster is generated, 
thermal1\ Induced voltage transients can be regulated l>v voltage limiters. An 
auxiliarv povet unit (Al’U). cu.irged b' the discharge supplv solar array, 
lurnishes 1 7$ W at 90-jercent efficiencs to the thruster low-vol age supplies. 
The power sources and conditioning ai. illustrated in Figure 105. 


The ion thrustc-r propellant selection criteria are availability, storabilify, - 
absence ol serious environmental impacts, cost, demonstrated performance, and 
technical suil.ibi It t\ . Avaliabilitv become, a irajor issue when it is recognized . . 
that more than 10 6 kg of propellant is required lor one satellite of the SPS type, 
lectin i cal factor., are as follows: ‘ 


wliere n t is tile ion mass. 


beam voltage, l sp 


\ 


166 

















Rockwell International 



Figure 10s. Power Source and Conditioning 


e High Thrust - At a given beam voltage and current, T ~ Of 


Lou Vaporization Temperature - Allows instantaneous thruster 
restart after solar eclipses without power storage for 1 
preheating. 


a Lou First-Ionization Potential - Limits thruster discharge 
loss and minimizes the efficiency loss due to neutral atoms. 

e High Second-Ionization Potential - Minimizes the efficiency 
loss due to multiple ions. 

Obviously, the first two factors are mutually contradictory and are best com¬ 
promised by an ion of medium mass. 


The propellants for which ion bombardment thruster experimental- data exist-;*- 
are evaluated against the above criteria in Table 1C. The selection of argon 
is seif"evident. 


Table 10. Ion Propellant Selection Criteria 



AVAILA-’ 
BIUTY 


ENVIRON* 

COST 

(S/KG) 

THRUSTER 
TECHNOLOGY 
, STATUS 


VAPOR 1- 
2ATI0N 

IONIZATION 

POTENTIALS 

(V) 


STORABILITY 

FACTORS 

WE .GUT 

(X) 

1 

2 . 

ARGON ' 

HIGH (0.9X 
Of AIR} 

CRYOGENIC 

INERT 

0.50 

GR0UN0 

TESTS 

35.9 

' 9? 

55.76 

27 62 

CESIUM 

PROBABLY 

INADEQUATE 

SOHO 

EXTREMELY 

REACTIVE 

300 

LABORATORY 

DEVELOP. 

Ul.9 

951 

3.89 

25 1 

XENON 

VERY 

SCARCE 

CRYOGENIC 

INERT 

1000 

LABORATORY 

DEVELOP. 

131.3 

167 

12 13 

21.2 

MERCURY 

MARGINAL 

LIQUID 

TOXIC 

ss 

SPACE FLT 

200.6 

530 

10 l>3 

19.13 
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The electric OTV configuration shown in Figure 106 is sized to accommodate 
a payload capability of approximately 4 x 10^ kg. The structural configuration 
is essentially the same as employed for future space structures, and is sized 
to produce approximately 264 megawatts at the thruster modules. 

The thruster array is suspended by cables ar.d located at the vehicle c.g. 
The thruster array is comprised of six subarrays (6 x 30 m;, each of which is 
capable of being packaged in the winged-illLV cargo bay! Approximately 259 
one-meter electric thrusters are required for primary thrust. Additional 
attitude control thruster packages are located at the structural extremities. 
Primary thrust vector control is accomplished by a slip ring joint identical 
to the tvpe used for Si’s antenna orientation. A component and pa\load mass 
summary is presented in Table !1- 


Table 1). OlV Component and ,1'avload Mass Breakdowns 
(15 Percent Degradation) 



Tiansportation System Overvie w 

Typical orbital operations jro depicted m Figures 10/ and 109. Figure 
shows the winged ULLV arriving at LLO base where a small on-orbit tug is used 
Co transfer cargo/personnel to the LUO base or chemical OTV's and/or transfer 
cargo to the electric COTV. The use of rlie on-orbit tug reduces the maneuver 
requirements and probabilit\ of collision between oruitdl elements. Figure 
depicts an’electric COLV arriving at CLO to support coistruction of a solar 
power satellite. Again an on-orbit tug is emploved to maintain a safe separa¬ 
tion distance betwe«-i the rather large space structures. 
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RECOMMENDED PLAN PROGRAMMA1ILS 


INTRODUCTION 

A major output of Part I of this study was. a lint of anchor opportunities. 
In order to assess the programmatic implications (e.g., cost, time, funding, 
schedule) inherent in the selected opportunities, it is necessary to integrate 
the opportunities into evolutionary, time-phased ptograai.., to estimate the 
developmental and the operational costs, to determine tt.e potential sources 
of the required funding, and to aggregate the costs into total funding require¬ 
ments. In this way, the budgetary implications of the space industrialization 
activi'-ies can be determined. In the process, improved cost data will be 
needed, Turthermore, by comparing the '.undmg requirements witr. revenues pro¬ 
duced for various anchor opportunities, it will be possible to ascertain their 
cash flows, break-even periods, and overall financial merits. 

APPROACH 

B ackground Assumptions 

In implementing baseline Plan 15, 65 anchor opportunities and support pro¬ 
grams were identified, costed, ana Integrated Into the overall schedule. 

Because some opportunities may be eliminated from contention by future in-depth 
analyses or competitive terrestrial developments, while others are added to the 
list, flcxibilit> to accommodate changes was basic to the sLudy ifforts. Each 
anchor opportunity was treated individually, and its impact on aggregated 
results was purposely made highly visible to facilitate potential modifica¬ 
tions. 


Since the validity of the aggregated programmatij;_jy3&t would be 

directly dependent on Lhe validity of the costs ascribed to the various^anclwr 
opportunities, it was necessary in many instances to generate preliminary 
designs bused on essential technological and economic realities governing prac¬ 
tical applications of the respective opportunities. Effort was focused on 
establishing costs that would b^ valid within about ■*-50 rorcof.t. Constant 
dollar-. (1977) were used throughout the programmatic amh&is. 


The various anchor opportunities were scheduled (pnased within the .ntc- 
grated space industrialization program) based on a balai -e of considerations. 
Among these were the strergt" of the need for Lhe anchor opportunity, its 
technological feasibility, and the reasonableness of logical evolutionary 
progtession of capabilities. The duration of the development period was based 
on cne experience of analogous systems Adjusted for relative complexity and 
extent of inheritance from prior programs (legacy). 

Programmatic costs were estimated separately for the system acouisition 
phase (non-recurring) and for the operations phase (recurring}. A basic 
system life of ten years on orbit was assumed. It was further assumed that 
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charges for the system's use would ho sufficient to replace the system after 
ten years. The acquisition costs included estimates of non-recurring costs 
of both the space segments and gro.iiid segments (e.g., mission control, data 
reception center, etc.). The operational lusts were assumed to be borne by 
the "owner" of the system. I lie um-time cost of transporting the space seg¬ 
ment to its orbit il loinlidii was also |i> > ludcd in the acquisition costs. If 
tlu- nature of the operiLion was such tn.it periodic revisits were required, 
then hose transportation iosts vein mil tided in the aenual operating costs. 
Rasiiallv, th> innu..l mvr.it i'i>, iosts mcVudid costs of servicing the space 
segment (when r. qu’nd) uul "periling the g round segment. \ grey area was 
onoounU r.d in the «os< sir. im o f sunn apportion t les that wis resolved by 
arbiciarili ' i imi it nig mas so is to uu ImU only new, out-of-pot ket costs 
.issm i itoK'it'i i.’ij'l i ment .1 i. ii hi the ofijim fun 1 1 > . Koi example, the operating 
n'sis hsm i it'.i "i.h . rop lotii i*.t inn win* truninLed with the data receiving 
« enter, I In I 1 . , irnmnt ol \ • i i. it 11 n i o * s .' 1 st mg staff and computers would 
•nrioii .1 tin in 1 1 .is ol tin d <la, thin lore, their annual iosts were not 
ass, n , ,1 i • mist the ii..j> fort i isting npporlun 1 1 \. 

Lull im * r o.ipor Liiii 1 1 \ s ■ iital \ / i d to dtLermine its iopical sourn of 
liuidm;. ( mi, i qa. ul J \ , f on i ..hi il sotii > t s of funding were identified 
(I) ,\s,\, (’) ot h. r t.s. u».v» tin n nt agem us. (I) foreign go\ eriunent al cr 
ml. in..! inn i 1 i"i a. ics. hi.I ( 4 ) .. >nui.. r< i il. Ills programmatic iosts were 
a>,gn ■ i :<1 b> tnese lour funding > itigoi les. 


(o . t m> . M. t Iuhi.i 

A go 11 of ills lostnig ii>s l liodo lo" v to produce esLimales tnat would 

fill wit luit * 3 0 ,». rssiit of tin i.tuil i.ost . Si vs r 1 1 sources of cost data and 
ippro.n in s Lo s ost s'stimitni', ws ri iinplmsd. lor those* opportunities that 
WsT>> on-going or pi mind pi op,rants, . osi <I it.t w L 11 ixlricleil fro.n oudget lu ar- 
tngs. In a numbs r oT . fs, , pi.limin.tv disw, is li.ul t<> he generated and, in 
these, paiiri.lii. cost i nj> ,v is i inplo\i . 1 , In etiiir i.isss, studies had bon pi r- 
I o mw d (or wers in pro.sss) and ill. n . .> .1 .lit * wst. us. d (ilnr nsiew foi 
accept il> i I i L\) . i'lnillx, the iosts ol ,ome opportunities were dels rnunci hv 
scaling from an ilogous d. .tgus. V O.n sialni" fa. tor was round to >nld ilosi 
appi o\ nn it i oils (i . s ,, It; pen i nt) when tislid bitwst'i two known cost dita 
points, mil so was used to ost in i logoiVs s.stii.is when other data were lisking. 

b'heii a par.wrn i ost mg appro n Ii was used, it was t,onei a 11 v based on 
(ost 1 si ii,i.it .r/ !\i I it urn du ps ((life's) found-m tlu* SAMSu uom time.! spuecraft 
nisi ni.uh I . 1 11 is s. i psl s>sl i m 1 1 i ft} i i I 1 1 i oasli i ps i e 1 d. .1 . ost dill m I • nns 

ol 1,97 i dolLirs. in s< ver.il msi . ,, Shut I I.-del i Vi d .ost dita wer i> used. 

Vile it i|ipl> inj; in ■ logons costing Lo > >>s|iri of *11 f f* r. nt •- iit'ip I. >itv than the 
ri f er. n<. system, t • ' ol i vi . imp Is* it' f ii tors ur> uss d S m> 1 1 ir 1 > , i i osi 
reduction luiLm Of o 9 r » pi r annum w is usul in soph. mstaiwes to reflect tecn- 
- nolo>; leal advancement (diverse leg. u let accruing i run on-go mg progr «ns) 


lo prhp.it from <iin.it acquisition costs of spacecraft or mission equip¬ 
ment to system pro •rnmi'i it i. mils (i.g., i.n hiding mtcgr it ion, lest, in m.ige- 
ment, etc.), i faitor oi J. 5 J.S rimes the dirnt Ii irdware co *-1 was used 


1 S/V'I'a > tu rn, imu ! S pat 1 1 i if t ( ost . lin k I . SAM SO 


174> 


IR-75-’J9 (Jul> >973). 








Rockwell International 

Space Omston 


(excluding transportation costs). This factor was obtained from a study 1 
which analyzed the composition of the costs of eight spacecraft programs by 
cost categories, and showed the percent of Lotal pregram cost attributable 
to each major cost category. Transportation costs and capabilities for the 
use of the Shuttle, Interim Upper Stage (IUS) or Solar Electric Propulsion k 
System (SET'S) were based on MSFC-provided data. Costs and capabilities of 
the Heavy Lift Launch Vehicle (HLLV) were obtained from Shuttle growth studies 
performed in-^house. 

Acquisition cost data were spread on a 40:60 ogive over the development 
years shown jn the schedule data. Torty percent of the acquisition costs 
were shown to ne incurred over the first half of the development time, and 
the remaining 60 percent over the second half. By thus apnartioning the 
acquisition costs and annual operating costs of each anchor opportunity to 
the corresponding years and then aggregating the cost? by vear, by each of 
the four funding agencies (i.e., NASA, other U.S. Government, other govern¬ 
ments, and commercial), their anneal funding requirements were developed 

Fayloads carried on the Geosynchronous Platform. (CP) and Polar Platform 
(PP) were assessed a pro-rated annual charge sufncient to enable recovery of 
platform costs in ten years with an annual return of 10 percent. 

The use of single source data carries with it the potential for substan¬ 
tial error. To preclude—or at least, dimmish — the possibilities of such 
errors, all cost estimates were tested for reasonableness by comparison with 
cost data from other sources. 

SCOPE AND LIMITATIONS 

The basir analysis was limited to the anchor opportunities that comprised 
Plan B (SPS program terminated in 1987), and primarily to those that would 
become operational prior to 1990. To project beyond 1990 would require defin¬ 
ition of second-generation (or even third-generation) hardware. The difficulty 
of extrapolating beyond the first generation of snucc industrialization would 
. treduce uncertainties ansirg from assumptions of technological advances and 
economic needs so as to make any conclusions highly susoect (speculative). 
Consequently, major effort was focused on space industrialization progr lmniaLii 
in the 1980-1990 time period, and on the initial activities essential to spate 
exploitation. 

The programmatu analysis was limited to the 65 anchor opportunities 
identified at the erd of Part 1 of this study. Admittedly, some of those 
eliminated may be implemented within the next,decade, while some of the 65 
may not. Developments in laser beam propagation and holographs could resalt 
m holographic TV, teleconferencing, or other applications which were not 
included in rhe basic 65.- The 65 anchor opportunities should he viewed as 
illustrative, of the potentials of space industrialization. 


'Kitchen, Lawrence D., Manpower Cost Estimation Model: Automa t ed Planetary 
Pro ;ects . Science Applications^ Inc., SAI 1-120-194-C1 (March 197 j). 
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TECHNICAL DATA 
V 

The following sections present programmatic end descriptive data on the 
65 recommended opportunities. 

b 

Schedule of Recommended Oppetturnties 

Each of the 65 archor opportunities was analyzed to determine its loca¬ 
tion in the oruerly, evolutionary implementation of soace industrialization 
Table 12 shows the resulting implementation schedule by calendar year of 
the selected opportunities m the baseline plan. The opportunities a*e <* n it¬ 
erated chronologically in Hi ir order of implementation with, n the various 
categories. 'I lie b'j duiuti ne'pi i si l ton periods, whil< 0's indicate operational 
status. It’s indicate a use.in li and development phase, and an X denotes ah. 
opportunity-! one 1 ml ing dminnstr mop fist. 

System developmi »l/ ittpusil ion wis issumtd to begin the eh' sunh 
quarter of Llie first ye ir designated-, .inn !'<- completed at the tone lie. inn of 
the third tinnier of the last smt ik sign iLt.tl. Cos', data spreads *-t fleered 
this scln'dltl. i; isstinpL ion. ' 

Summnrizi.il Lost Dita hy Re ijjnnii ided t ip portmn t tes 

The simmaristd t> ->t data i tin espotul i iv; to sach of the 65 recommendt ei 
opportunt its lit nova in tlisir scheduled mijui .u e in lahle 13 Ihi antici¬ 
pated soim e "f limding (NASA, oilier U.S (.iWirn.T.iMt agent les, otliei govern¬ 
ments or t on -.or l i . i, or i ohhik rc.ia 1 ) is m.ut i f itd Tor • a*_h oppo.-tenit\. 

Hem iptions ol Rn onment i_d Qpp o rtun .tn s 


grief descriptions, along, with c o .. inti funding -.pre 1 data, are pre¬ 
sent etl in L lie following section for e s li ol the <> r > recommended oppora-iu .es. 
rile sequi'Ui of pu si nt it 1 oil .s mil us. d earluu in est.'h 1 l slung the sel.edulci 
soqiienc c s l»v cattgoriis. 

1. TIME AND NAVIGATION SERVICES 

Pote nt la I ii irket .ir csi - Tin i u'u md Navi 1 ,at ion Satellite (NaVSTAI'-CI’S) 
is dt sii’picd in provide suit ibly e'ipi i ppt v. 1 • ic It i with three—axis gcsition.il 
data to within about 111 iiic.lt rs at mv point in tin world. Vmle l.or in D pro¬ 
vides Lwo-as i s posit'o.ial difi to WLtnin ibont ’0 mtltrs, it is limited to 
coastal legions covered b\ Ltirm stations. In addition Ip position dita, the 
systtra will 1 1 so provide mcurilt lent jifeienti elata. Tin scsttm is se lu J- 
• ileel to be completed and i.pei at i<ni 1 1 in l9S r >. 

Respo ns 1 1>I ■ age in. v - |)i per Inn ill i>l Hi I oust* (HUD) 

Assnmptions/gr«mn d ru1e s/1imi taiions - I he system is currently un .r 
devtlopment. 


ORIGINAL rAGEtt . 

OF POOR ^ 









Rockwell International 



Table 12. Schedule of Selected Anchor Opportunities—Plan B 


ANCHOR OPPORTUNITY 
WITHIN CATEGO RY_ 

_ \ _S£ 

1. TINT AND NAV'CATION SERVICES 

2. ELECTRONIC HAIL - USA 

3. POCKET TELEPHONES - USA 

A. Oita BROADCAST EDUCATION - USA 

5. BUSINESS SYST DATA XFCR • USA 

6. ELECTR TELECONFERENCING - USA 

7. IMPLANTED SENSOR OATA 

COLLECTOR - USA 

9. ELECTRONIC HAIL - EUR/AFR 
9 POCKET TELEPHONE - EUR/AFR 

10. OiR BROADCAST 10 • EUR/AFR 

11. WORLD MEOICAl ADVICE CEN. (USA) 

12. BUS SYST OATA XFER • EUR/AFR 

13. ELEC T R TELCCONF - EUR/AFR 

14. MEDICAL AID S INFORMATION, JSA 

15. ELECTRONIC MAIL - ASIA 

16. POCKET TELEPHONES • AS.A 

17. ELECTRONIC TELECOMMUTING 

IB. DIR BROADCAST EPJCATION. ASIA 

19. BUS SYST DATA TRANSFER, ASIA 

20. ELECTR TELEFjNFERENC./IG • ASIA 

21. NATIONAL 'NF08MATI0N SERVICES 


22. i^NOSAT D 

23. SEASAT B 

24. OIL/MINERAL LOCATION 

25. HATER RES MAP t DYN. SYS A 

26. TOPOGRAPHIC MAPPING 

27. WATER RES NAP c OYN SYS B 

28. CROP MEASUREMENT ABC 

29. GLOBAL EFFECTS MONITORING A B 

30. WATER RCS MAP 8 OYN STS C 

31. OCEAN RES t OYN STS ABC 

32. MICROWAVE RADIOMETER 

33. LUNAR ORBITER 

34. HIGH-RES RESOURCE SURVEY 

35. NIGK-RES RADAR HAPPING 

36. LUNAa UNMANNED explorers 
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Table 12. Schedule of Selected Opportunities—Plan B (Cont.) 
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Table 13. Summarized Coat Data—By Anchor Opportunity (1*>77 $M) 



SOURCE 

i- 



— 



— 

ANCHOR OPPORTUNITY 

OF 

NON RECURRING COST 

ANN OPER COST 

WITHIN CATEGORY 

FUNDS 

TOTAL 

I2JJI 

naouso J transp 

{££03 

ESSM 

QBl 

SERVICE* - INFORMATION TRANSMIS S! >N J 

t TIME ANO NAVIGATION SERVICES 

OTH US 

3910 




too 


100 

2. ELECTRONIC MAIL - USA 

OTH US 

24874 

2(8 0 

22131 

21 B 

4M5 

8.0 

478 8 

3 POCKET TELEPHONES • USA 

COMM 

S43J 

313 5 

50 

2)9 

ISO 

00 

too 

4 OIR BROADCAST EDUCATION - USA 

CQL'tM 

JM5 

1384 

81 

110 

ISO 

280 

104 

S BUSINESS SYST DATA XEFR - USA 

COMM 

1710 

155 0 

50 

110 

18 0 

60 

100 

6 ELCCTR TELECONFERENCING - USA 

COMM 

BIB 

73 3 

110 

70 

160 

80 

100 

J IMPLANTED SENSOR DATA COLLECTOR - USA 

OTH US 

3903 

3135 

60 

718 

180 

80 

100 

8 ELECTRONIC MAIL - EUR/AFR 

OTH GOV 

2518 

I86 0 

_ 

210 

60 

80 

_ 

9 POCKET TELEPHONES - EUR/AFR 

OTH.GOV 

7818 

735 1 

60 

218 

180 

60 

104 

10 OIR BROADCAST EO - EUR/AFR 

OTH GOV 

IBS 9 

139 8 

81 

110 

38 0 

280 

100 

II WORLD MEDICAL APNCECEN (USA) 

OTH L'S 

1710 

155 0 

80 

110 

1b 0 

60 

100 

12. BUS SYST OATAXFER-EUR/AFR 

OTH GOV 

1322 

1182 

60 

110 

16 0 

.’0 

100 

13 ELECTR TEIECC.YF - EUR/AFR 

OTH GOV 

916 

73 8 

110 

70 

180 

60 

100 

14 MEOICAL AID 8 INFORMATION, USA 

OTH US 

338 0 

155 0 

2300 

110 

1260 

80 

1200 

IS ELECTRONIC MAiL - ASIA 

UTM GOV 

7078 

189 0 

_ 

21S 

80 

60 

_ 

18 POCKET TELEPHONES - ASIA 

OTH COV 

2819 

235 1 

60 

218 

18 0 

St 

100 

IT El ECTRONIC TELECOMMUTING 

COUm 

168 0 

155 0 

- 

110 

180 

80 

100 

18. CiR BROADCAST EDUCATION, ASIA 

OTH GOV 

158 9 

USD 

81 

no 

ISO 

280 

ir.o 

59 BUS 8Y$t DATA TRANSFER. ASIA 

OTH GOV 

132 2 

ItS 2 

60 

no 

ISO 

GO 

10Q 

20 FLECTRTELECONFERENCING-ASIA 

OTH GOV 

916 

ns 

110 

70 

180 

00 

100 

21 NATIONAL INFORMATION :S“VifES 

OTH 08 

423 3 

3135 

610 

216 

80 

68 

- 


SERVICES- 

•ORSFSVI 


22 LAN OS AT D 

NASA 

128 8 

_ 

_ 


100 

_ 


22. SEA5AT Q 

NASA 

93 0 

73 0 

100 

120 

too 

_ 

mo 

34 O.JMIHERAl LOCATION 

NASA 

2810 

1800 

10 0 

no 

100 

_ 

100 

2S WATER RES MAPSOYN SYS. A 

OTH US 

780 

600 

so 

110 

120 

20 

100 

28 topographic mapping 

NASA 

2010 

1000 

100 

no 

100 


180 

27 WATER RES. MAP ft OVN SYS 8 

OTH Ui 

710 

600 


It 0 

20 

2a 

_ 

28 CROP MEASUREMENT A 0 C 

CTH US 

206 0 

1000 

80 

216 

180 

80 

100 

29 GLOBAL EFFECTS MONITORING AO 

OTH US 

146 8 

1700 

SC 

218 

140 

40 

too 

30. WATER RES M4P4 0YM SYS C 

OTH US 

710 

EDO 

- 

110 

20 

20 


31 OCEAN RES.43YN SYS.ABC 

OTH US 

208 8 

1800 

60 

218 

(80 

84 

100 

32. MICROWAVE RAOIOMETEN 

NASA 

900 7 

717 7 

too 

173 0 

100 

- 

190 

33 LUNAR QR8ITER 

NASA 

208 8 

1800 

100 

IBS 

10 0 

- 

too 

34 HIGH RES. RESOURCE SURVEY 

NASA 

2018 

1600 

100 

110 

100 

_ 

100 

IS. HIGH RES. RACARMAPfIKQ 

NASA 

3016 

27GO 

10 0 

216 

100 

_ 

100 

39 LUNAR UNBANNED EXPLORED 

NASA 

382 8 

300 0 

too 

428 

100 


104 
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Tabic 13. Summarized Cost Datu—By Anchor Opportunity (1977 $M) Cont. 


ANtHOR OPPORTUNITY 
, WITHIN CATEGORY 

SOURCE 

OF 

FUNDS 

— 

. NON Ilf CURRING TOST 

ANNOFffl 

COST 

TOTAL 

SPACE 

GROUND 

TRANSP 

TOTAL 

SPACE 

GROUNO 

PRODUCTS (REPRESENTATIVE) i 

OROAMC 

37 ISOENZYMES (SPACE BASE FACILITY) 

3R UROKINASE (SPACE OASE FACILITY) 

S3 INSULIN (SPACE BASE FACILITY) 

INORGANIC 

40 A LARGE CRYSTALS40A 

40 B LARGE CRYSTALS <0B 

41 SUPER LARGE SCALE INTEGRATED CIRCUITS 
4? NEW GLASSES 

43 HI TEMP TURBINE BLADES 

44 HI STRENGTH PERM MAGNETS 

45 CUTTING TOOLS 

46 THIN FILM ELECTRONIC UFVICtS 

41 CONTINUOUS HIBOON CRVST GROWTH 

COMM 

COMM 

COMM 

NASA 

COMM 

COMM 

COMM 

COMM 

COMM 

CUMM 

COMM 

LOMM 

1*60 

226 8 

7768 

7107 

7b7 3 

7613 

7613 

761 T 

76)3 

76/3 

76/3 

76/3 

100 0 

700 0 

2000 

213 2 
176 S 

176 S 

176 5 

176 5 

176 S 

175 5 

136 6 

176 5 

60 

SO 

50 

SO 

SC 

- 10.0 ~ 

10 3 

10 0 

100 

too 

10 0 

100 

no 

71 8 

219 

130 8 

no 8 

'308 

130 B 

1308 

COB 

130 B 

130 8 

TO 

7 0- 

ZO 

216 

7:b 

7'3 

718 

7J 6 

739 

218 

738 

70 

70 

70 

716 

210 

21 B 

719 

219 

710 

21 B 

716 

70 

20 

20 

20 

20 

2 G 

20 

70 

IMHGY j 

48 A SOLAR PVYRSYST DEVELOPMENT 

NASA 

46 8 

70 0 

50 

718 

. 

_ 

_ 

48 BSULAIU-V.RSYST DEVELOPMENT 

OTII US 

30000 

- 

- 

- 


. 

_ 

4'1 MIGHT ILLUM (LUNETTA) 

OTH US 

7/57 0 

724/0 

100 

500 0 

70 0 

10 0 

IRQ 

PEOPLE IN SPA.' 

* _ _ 

SO MEOICALANC GENETIC RESEARCH 

NASA 

1160 

1000 

60 

110 

ISO 

too 


(SPACE BASEI 









SUPPORT ELEMENTS | 

FUNCTIONAL 









SI SHUTTEI/SPACELAB 

NASA 

3671 6 


_ 

- 



_ 

5? EXTENDT!) OliRATlON ORBITER/ 

NASA 

i6i a 

non 

100 

210 

100 

_ 

100 

?SKW POWER MOOULE 









S3 ADVANCED TEEEOPERATOR 

NASA 

16/ 0 

1S0 0 

100 

70 

100 

. 

100 

M GEOSYNCHRONOUS PIATFORIA USA 

UASA 

201 4 

166 / 

100 

1157 

100 


ICO 

SS LOW EARTH (IPBIT BASE 

NASA 

373 B 

737 0 

100 

218 

(17 2 

87 2 

60 

SB POEARPiATTORMA 

NASA 

103 6 

?l / 

100 

21 6 

SO 

_ 

SO 

SI GEOSYNCH PLATFORM EUR/AFR 

OTH GQV 

2814 

IS5 7 

- 

115 7 

TOO 

. 

10 0 

SR LUF ETTA DEMONSTRATION 

NASA 

81 8 

son 

100 

71 B 

_ 

_ 

_ 

S3 POLAR PLATIURM 6 

NASA 

64 8 

43 0 


718 

so 

_ 

60 

U POLAR PI ATfORMC 

NASA 

MB 

.43 d 

- 

31 8 

so 


SO 

61 GLOBAL WEATHf R A Hf SOURCE BASE 

OTH GOV 

SS3 6 

SOU 0 

ICO 

43 6 

9/2 

8/7 

100 

67 GEOSYNCHRONOUS PLATFORM-ASIA 

OTH GOV 

7014 

ISS / 


115/ 

10 0 

- 

10 0 

TRANSPORTATION 









(3 LOW THRUST OTV (SiPSI 

NASA 

7>S0 

133 7 

10 0 

21 B 

10 0 

- 

too 

64 HLLV t (SHUTTLE W/O ORBITER) 

NASA 

13818 

I'iSOO 

100 

71 B 

100 

- 

10 0 

GS OTV (LARGE CHEMICAL) 

NASA 

631 B 

600 0 

too 

21 B 

10 0 


100 









) Rockwell Intemettonal 

Space Kvteion 


® Space operations - A network of 24 satellites is required 
^ for full operational capability. Early satellites v.ll be 

launched by conventional boosters. The first Shuttle- ' T 

launched satellites will be emplaced in 1983. 

o 

® Ground operations - A ralasion control center la assumed at 
a nominal coat of $10 million per year. 

Cost data - The basic source was modified program data. The aggregated 
data obtained for non-recurring costs were not divided into space, ground, or 
transportation categories. 


0 Non-recurring cost - $381 million 
o Annual operating cost - $’0 million 


Svstcm acquisition funding requirements - 

(1977 $M) 

TOTAL 1980 

1981 

1982 1983 

1984 1985 

381.0 25.0 

69.0 

56.0 91.0 

70.C 70.0 

2. ELECTRONIC MAIL- 

-USA 




Potential market ar» a - This syetem as defined would be a U.S. postal 
Byatem 6ervic.e. Letters written on a standardized form would he physically 
transferred from one of the 30,000 local post offices to the nearest regional 
center (RC). At the center, a facsimile of the letter would be transmitted 
via relay satellite and reproduced at the regional center nearest its destin¬ 
ation. The facsimile copy would be physically transported to the local post 
office serving its destination for next-day delivery; 845 regional centers 
would need to be equipped for automated electronic nail processing. 

Responsible agency - U.S. Postal Service 

Assumptlons/ground rules/limitations - The cyatem would be capable of 
handling 40 million pieces/day. "Electronic Mail" was defined as facsimile 
reproduced material processed and delivered by the postal service. Excluded 
were word processors or private facsimile transmission. A description of th.- 
concept was presented in an earlier section of this xeport. 

® Space operations - Antennas and electronic packages were aabumed 
to be emplaced on e geosynchronous platform,--- 

• Ground operations •• All 845 regional centers were assumed to he 
7 equipped with highly automated equipment for processing the elec¬ 

tronic mail. 

Co9t data - Cost estimates were derived primarily from cost estimating 
relationships as applied to preliminary design specifications. 
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0 Non-re-upring cost (J'>77 *M) 

Spare segment 
(•round binmont 
Tr.mn|iori°it Ion 
to l.io 

Jot.11 1 '.87.9 

® AnnuiJ o/joi.icjm/ cost (fit!) 

■» Spate bi'i'i'irilL (CP) ('.0 

(•'round Hormone A 7 8. 5 

'lot.i AH'i.'j 

Syste m i> ipi I s 11 I o il 1 1 null D); i eip i 1 1 onn ni s ($|») 7 7 ■Jm) 

rcTAI. 198 ') I 98 1 1982 1983 )98A 198f> 

!'<87. l J 17.9$ 399. J i 817.8/ 779.0A .$7H.», 73.37 

3. POCKET '"ELEPHONES —USA 

il*7 1 JiliAJr-L‘*_L "‘urkei ~ A i«im>u.iI, poii.ililo poi kft u lophuin- tliat oper- 

.Ui'i ' 11.1 relay llnimslt a >\. »sym lin.mws nrhil salel’lti lctim i tntos the essence 
of • oik • pi . C.i 11 b would 1.0 relayed flora tho ->it..llite to .onvonilon.il 

Lolcpiioiio no two i k stations fm It insnilssion t liroi pji tv regular telephone svs- 
tum or, .«}■•,.( I n, v I .i satellite lol.iy to pottahl. ;.'i >ne dost 1 .,al i c ns. Ilot.uii.o r>f 
l>.ittory .mil .mtonn.i sl/e i e<pi i rem-nl s, tho pot ,un.il units woro . omp.ir.il) 1 o to 
poi koi i.ilcul.itoi ■• in nl/o. This ioiu.pt rf'iovi-q the inrroiiL runne and top- 
t'Kr.iphy I Imi t it |oii‘. < m ounloi od hy exisLlii), ino|ii!<> telephones. 

Res ponsible .ipoiit y - Con.noi ..la I 

A s *»dj"l*t-Ions/ nt.m ini r ul«. i> /l l nilt.it Iqiih - 'Iho h.iblr design would unalilu 
procioblnp, of tpprnxi mutely A5,0C0 *. I mu I tail onus .alls. A doHor Ipt Ion of the 
com epl was prohonl.d in an oarl I. r soi t Ion of this riport. 

* Sp.tc> o/i.‘rations - I'ho ant.iiuas and olotlronU p.u kap.es wore 
. is sun., d i» ho ompl.t. .d on tho p.en • vii> hromnib platform. 

* (ti'Hinti opei it i.uis - (.invent i.m.t I t« l« phono systems would ho 
employed for ..all pi.ipipation ami hi 11 In}-. (\.nso<|uont I y, no 
now nr. mid l.u iiiii.s woio assumed to In loipilrod hoyoiul those 
iiirioiuly In I*. Inp, or pl.uiuod (!.»•., saiollito relnv oT con¬ 
ventional telephone • 1 1 It.. 

Cout dat i - Cost i st(mates were d.rtved primarily from CIR'h applied 
to pri I Ini Inai y dehlp.n t»pei I f Inal I him. 


2A8.0 

2218.1 (for ,815 Re's) 
21. 8 


ORIGINAL/PAGE U> 
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9 Non-recurring cost ($M) 


Space oegment 

313.5 

Cround segment 

5.0 

Transportation to LEO 

31.8 

Total 

340.3 

9 Annual operating coat ($N) 


Space aey;ment fCP) 

6.0 

Cround segment 


(mission control, i 

etc.) 10.0 

Total 16.0 


Thu Initial coHt of the ground unit la $650, reducing down 85-percent 
learning curve to Itss than $100. 

System acquisition funding requirement (1977 $M) 

TOTAL 1981 1 982 1983 1984 1985 

340.3 3.82 83.35 151.96 84.75 16.42 

4. DIRECT BROADCAST EDUCATION 

Potential market area - All homes In the U.S. equipped with TV sets could 
receive five channels of direct broadcast educational TV upon Installation of 
a one-meter-diameter antenna and TV adapter. 

Responsible agency •• Commercial (e.g., f tbllc broadcasting service) 

Assumptions/ground rulon/limitat Iona - Five channels of specialized 
broadcasts would be transmitted via the satellite directly to homes. Four 
transmitting stations—one In each time zone—would be used. A description 
o? the concept may be found in an earlier section. 

® Space operatIona - Antennas and electronic packages were 
assumed to be emplaced on the geosynchronous platform. 

0 Ground operations - A roof-mounted and accurately pointed 
parabolic antenna would bo required. The received signal 
would need to be processed through an- electronic adaptor 
for compatibility with conventional TV seta. 

Cost data - Cost estimates were derived primarily from CEK'u applieo to 
preliminary design specifications. 

® Non-recurring coat ($H) 

Space segment 186,4 

Cround segment 8.1 ' 

Transportation to LEO (1/2 Shuttle) ■ 11.0 * - 
Total 205.5 


I 
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• /In/iua 1 opera tiny cost ($M) 

Space segment 2ft. 0 

Ground segment 10,0 

0 Tom I 3ft. 0 

Coats of development of edur.ii Ion il IV program** are not included. The 
Initial Loat of the IV antenna .nnl aJapler in estimated to be $200. 

Syncem atgnlsltIon funding i equlrmeots (197/ $M) 

T OTAL H>31 1 982 198J 1984 198 5 

205.5 2. tO 50.34 91.77 51.17 9.97 

5. BUSINESS SYSTEMS DATA TRANSFER— USA 

I’o t ent ).11 mar ket .i rei - ‘llu .nit it ip.ited proliferation of word-prtx es.wr 
and facsimile nulls In companies will likely it«|itlre dedicated intelllles. 

Data would be transmitted via i ompnnv antennas lo a satellite cliat would relay 
the data to the appropiiatt rotelviiv, station. This concept would be Competi¬ 
tive with telephone lines (.orient ly used lor mu li aj.pl l at ions, but which are 
be turning Increasingly satur.it d. 

Ri. s puns lb 1 . ag e ncy - G.rimerc l.r! 

AsMimptl on s/pround niles/linn tat ions - Uset s of tills system would -have 
equipment for transmuting and re c-iving hlgh-dcnslty data via the relay 
satellite. > 


0 Spac<-• operations - Antennas and oh» ironic packagcH were 
auiam.ed to he cmpl.ncd on the geosvin hronous platform. 


0 Ground operations - Data would bu formatted and compiled , 
within comp my coinjuiUts lor transmission via relay satel¬ 
lite to other computers where the data would be reconsti¬ 
tuted for human use. A iumputorLzed system is envisioned 
for monLioring system use and lor customer killing. 


Cost dat i - Cost estimates were generated by nr.alogy 
No, 3, Personal Commimic at ions.. 

0 Non-iocuminj cost ($ti) 


Space segment 155.0 

Ground segment 5.0 

Transportat Ion to I.lt* (1/2 Shuttle) 11.0 

lot al 171.0 

Annu^iJ ofn-rotJihj c o-.t ($M) 

Spate segment ft.O 

Ground segment KL0 

Total 16.0 
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Initial cpst of the ground units (i.e., antenna plu6 electronics for 
computer interface) la assumed to be $30,000. 

System acquisition funding requirements (1977 $M) 

TOTAL 1981 1982 1983 1904 1985 

171.0 1.92 41.88 46.37 42.58 8.25 

6. ELECTRONIC TELECONFERENCING —USA 

Potential market area - Travel to conferences or business meetings can be 
substantially reduced through teleconferencing with a resultant riduction in 
fuel consumption and Having of time. In this concept, real-time views of the 
groups participailag in the conference are televised via relay satellite ami 
displayed to ib_ir coun'erparrs on giant-screen TV’s. 


Responsible agency - Commercial 

Assumptions/ground rules/limitations - Approximately 80 to 100 teleconfer¬ 
ences could he broadcast slrialtanecusly by the defined system. This number 
could be expanded by use of stop-frame techniques. Details of the sysLem may be 
found in previous suctions of this report. 

0 Space operations - The space segment was assumed to be mounted 
on the geosynchronous nlatform, 

0 Ground operations - Each facility utilising this concept would 
require a one-meter antenna for communication with the relay 
satellite in geosynchronous orbit. Costs of TV cameras, elec¬ 
tronic packages, giant-screen TV, etc., per installation were 
estimated to be $60,000: those costs were not included. Costs 
for decorating conference rooms and equipping them with conven¬ 
tional furniture were also excluded. 

Cost data - Cost estimates were derived primarily from CER'a applied to 
preliminary design specifications. 

° Non-recurring cost ($M) 

Space segment 73.6 

Ground segment 11.0 

Transportation to LEO (J/2 Shuttle) 7.0 
Total 91.6 

0 Annual oporati/jy cost ($M) 

' Space segment 
Ground segment 


Initial cost of electronics for a teleconferencing facility was esti¬ 
mated to be $60,000. 


6.0 
10.0 
Total 16.0 
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System acquisition funding requirements (1977 $M ) 

TOTAL 1931 19B2 1983 1984 1985 

91.8 1.03 22.43 40.91 22.81 4.42 

7. IMPLANTED SENSOR DATA COLLECTOR—USA 

Potential m . irket area - In this anchor opportunity, data gathered by 
diverse, remote sensors are transmitted to a relay satellite which rc—transmits 
them to the appropriate ground teceivlng station. This system may be viewed as 
closely related to the personal i ommiinicuttons concent Inasmuch ns data from 
thousands of smsors (phone calls) will need to he relayed to data reception 
centers. 


Kesponslhle agency - li.S. Government (e.g., Department of Interior) agency, 

Assumptio n s/)-,round rules/1 imit. it Ion s - Data from 45,000 sensors can be 
received and relayed simultaneously l>y the space aegemunt. The ar n a of cov¬ 
erage Is limited to the contiguous 48 states. 

* Space operations - Antennas and elettronii packages were assumed 
to be emplaced on the geosynchronous platform. 

0 (,coun-l opot.ittons - Costs of tin. data receiving giound stations 
cere not included In c anse, in ni’nv hi .tames, they vomil be sub¬ 
stituted for existing d.iLa ml lot inn networks. Cost of space 
payload mission control was Lmluded. 

Cost data - Cost data were estimated by analogy to No. 3, Personal Com¬ 
munion l Ions. 


® Non-rcvur /mg cost ($N) 

Space segment 313.5 

Ground segment 5.0 

Transportation to 1X0 21,8 

Total 340.3 

0 Annual operating coat ($H) 

Space sogmi >\t i>.0 

Ground segment 10.0 

Total Hi.'6 


The ini'lal cost of si 
depending on the app]tenth 


user data transmission units would vary widely, 
i, life, frequency of transmission, etc. 


System acquisition funding roc 


TOTAL 

340.3 


]S3J_ 

3.82 


1982 

83.35 


1983 

151.98 


.■mints (1977 $M) , 

1984 1985 


(4.75 18.42 
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8. ELECTRONIC MAIL—EUROPE/AFRICA 

V 

Potential market area - If electronic nail is implemented in the U.S., 
then it. will likely be expanded to foreign countries. Ai*" mail from the U.S. 
to Rio de Janeiro taxes at least seven days—frequently, 11 u ays. In this 
anchor opportunity, electronic mail is implemented among countries in the 
longitude of Europe/Africa and between these countries and the U.S. 

Responsible agency - Foreign government agency/consortium 

Assumptions/ground niles/llmltatlon& - (Sec No. 2, Electronic Mail—USA) 
The non-recurring and annual operating cost of ground installations was not 
estimated oecause of uncertainty in the number of stations Required. A normal 
ized estimate for the non-recurring cost of each mail station would be on the 
order of $3.0 million. The annual operating cost per mail station would be on 
the older of $0.5 million. 

Cost dat a - Cost estimates were derived by analogy to No. 2, Electronic 
Mail—U.S. 

® Non-rccurring cost ($M) 

Space segment 
Cround segment 
Transportation lo LEO 
Total 

® Annual operating cost ($!1) 

Space segment 
Ground segment 

Total 

System acquisition finding requirements (1977 $M)—space segment only 

TOTAL 1 982 1983 1984 1985 1986 1987 

2 07.8 1.50 33.36 69.99 65.06 31.60 6.29 

9. POCKET TELEPHONES —EUROPE/AFRICA 

Po tential market are a - This anchor opportunity is the application of 
No. 3, Pocket Telephones — USA to tile European/African areaJ 

Responsible agency - Foreign government consortium 

Assumptions/ground rules/11mltations - See No. 3, Pocket Telephones 
—USA. 

Cost data - Cost estimates were derived by analog to No. 3, Pocket 
Telephones — USA. 


186.0 

($3.0M each) 

21.8 

207.8 


6.0 

- ($0.5M each) 

6.0 
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° Non-rccun mg cost ($'1) 


Space segment 235.1 

Cround segment 5.0 

Transportation o 21.8 

Total 261.9 

9 Annual operating cost ((M) 

Space segment 6.0 

Cround segment J 0.0 

Total 16.0 


System acquisition funding, 

10TAI . 1981 19KA 
261.9 2.94 64.14 


retp s 1 1intents (1977 $M) 

1985 1986 1987 

116.96 65.22 12.64 


10. DIRECT BROADCAST EDUCATION—EUROPE/AFRICA 

Potential mirket area - In this am lior opportunity, the U.S. developed 
systim is installed In the 1uropean/Afrit an area to provide a similar service 
there. 

Responsible agency - Foreign government consortium 

) Assumptions/ground rules/1 lmit.it I ons - See No. 4, Direct Broadcast 
Education—USA. 'Ihe five-H-channel capacity would be allocated among the 
nations procuring the system. 

Cost data - Cost estimates were derived by analogy to No. 4, Direct 
Broadcast Education—USA. 

8 Non-recurring cost ($ 11 ) 

Space segment 
Cround segment 

Transportation to 1X0 (1/2 Shuttle) 

Total 

® Annual operating cost ($N) 

Space segment 
Cround segment 

Total 

Cist of developing the educational TV-programs is not Included. Tho 
initi.t. cost of TV antenna and adapter Is estimated to be $200. 

System a * nuisitlon funding requiremen ts (1 977 $“ ) 

TOTAL J_9fP 19W 1983 1986 1987 

158.9 1.78 38.93 70.96 39.56 7.67 ORIGINAL PAGE IS 
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139.8 
8.1 

11.0 

158.9 


26.0 

10.0 

36.0 


188 





Rockwell Internationa! 

Space Division 


11. WORLD MEDICAL ADVICE CENTER—USA 

Potential market area - In this anchor opportunity, diverse medical data 
such as statistical incidence of diseases, clinical analyses, diagnostics, 
treatment, pharmacology, etc , are all rapidly available from r medical center 
data bank via satellite relay. While the medical center was assumed to be 
located in the United States, its data would be accessible worldwide. 

Responsible agency - U.S. Government (e.g.. Department of HEW) agency. 

Assumptions/gtound rules/1imitations - The key goal of this anchor oppor¬ 
tunity is. rapid and accurate diagnosis of patients afflicted by obscure tiiseasis 
or by several diseases simultaneously which nay result in unconventional symp¬ 
toms, thus taxing the ability oi even highly capable physicians. It focuses 
on lesser I known diseases aloig with the most recent findings of their symptoms, 
laboratory tests, and treatment. 

• Space operations - The antennas and electronic packages were assumed 
•■o be emplaced on the geosynchronous platform. 

® Ground operations - Real-time color TV (stop-frame mode) pictures of 
patients and their afflictions can be relayed between the users and the medical 
advice center. 

Cost dr.ta - Cost estimates of the space segment were ucr ived by analogy 
to No. 5, Business Systems Data Transfer. Cost of the ground segment we,, 
limited to mission control operations because of lark of potential market date. 

° 'Ion-recur ring cost ($il) 

Space segment 155.0 

Ground segment 5.0 

Transportation to LEO (1/2 Shuttle) 11.0 

Total 171.0 

• Annual operation cost ($M) 

Space segment 
Ground segment 

P Total 16.0 

The initial cost of a ground terminal was estimated to be on the order 
of $30,000. 

System acquisition funding requirement (1977 $M) 

TOTAL 1983 1984 1985 1986 1987 

171.0 1.92 41.88 76.37 42.58 8.25 


6.0 

10.0 


lo9 
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12. BUSINESS SYSTEMS DATA TRANSFER—EUROPE/AFRICA 


Potential market area - Multi-national corporations will desire to exchange 
data among their facilities and subsidiary companies. This anchor opportunity 
is an application of No. 5, Business Systems Data Transfer to the European/Afri- 
can region, including the Middle East. 

P.esponsiblo agency - Because communication systems-are nationalized in most 
foreign countries, the responsible agency for this anchor opportunity will likely 
be a foreign government consortium. 


Assnmption s /ground rnles/1lmitations - See No. 5, Business Systems Data 
Transfer—USA. 


Cost d3in~ - cost estimates were generated' by analogy to No. 5, Business 
Systems Data Transfer—USA. 


0 Non—rt-'^ui i mg cost (fH) 


Space segment 116.2 

Ground segment 5.0 

Transportation to l.Krt (1/2 SluitlTdL 11.0 

lota! 132.2 


Annual ofx'ratmg co~ t ($H) 

Space segment 
Ground segment 


Total 


6.0 

10.0 

16.0 


System ocquisi Lion funding rupi i r eme nt-S (1977 $M) 


TPTAI. 

132.2 


1 9H5 1Q86 1987 

55.30 (.2.58 11.70 


13. ELECTRONIC TELECONFERENCING—EUROPE/AFRICA 

Potential m arket are» - /he same benefits that would accrue from domestic 
(U.S.) teleconferencing would also result from teleconferencing among European/ 
African companies and between U.S. and Iuropean/Afriian facilities. 

Responsible agency - Foreign government consortium 

Assum ptiOii s/g round niles/limt it ions — See No. 6, Electronic Teleconfer¬ 
encing—USA. 

Cost data - Cost estimates were derived by analogy to No. 6, Electronic 
Teleconferencing—USA. 
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° Non-recurring cost ($M) 

Space segment 73.6 

Cround segmenc 11,0 

Transportation to LEO (1/3 Shuttle) 7.0 
Total 91.6 

• Annual operating cost ($M) 


Space segment 6.0 

Cround segment 10.0 

loLal 16.0 


Initial cost for a teleconferencing facility was estimated to be 
$60,000. 


Svstcn acquisition funding roguirements (1977 $M) 
fj 

TOTAL 1984 1985 1986 1987 

91.6 1.81 38.31 43.36 8.12 


14 MEDICAL AID AND INFORMATION—USA 

Potential market area - Two kinds of medical data are provided In this 
anchor opportunity. Patient medical histories ape provided to paramedics so 
that appropriate treatment can be quickly initiated. The system also links 
paramedics with a ictors and specialists who can participate In the diagnosis 
and guide the emergency * treatment bv proxy. The second aspect of this am hor 
opportunity links doctors, medical clinics, and hospitals with a diagnostic 

tenipULer. 

Responsible agency - 15.S. Government (e.g.. Department of HEW) agency. 

Assunptions/groinid roles/1imitations - A description of this concept is 
presented in an earlier section of this report. The basic system may be com¬ 
pared to No. 5, Business Systems Data Transfer—USA. 

® Space operations - The antennas and electronic packages were 
assumed to be emplaced on the geosynchronous platform. 

• Ground operations - Communication terminals are located in 
doctors' offices, medical clinics, and hospitals in addition 
to being mounted on emergency medical vehicles. A single 
• diagnostic computer is located at a national fa llty, where 
its programs ar“ continuously updated to incorp» rate the most 
recent medical findings. 

Cost data - Cost estimates of the space segment were derived bv analogy 
to Nd. 5, Business Systems Data Transfer—USA. Costs ot the ground segment 
were generated primarily by parametric costing. 
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® 'Jon-ri'cvi r i ng cost (fin) 


y Space seamenc 155.0 

('•round segment 210.0 

Transport.u Ion 11,0 

® Total 196.0 

0 /In/m iJ oj* i.itii't ct"-t (fiH) 

Span- •.eminent 6.0 

( ro.iim Mpmonl 120.0 

Total 1 '(*.0 


*«“' nvernp.e initial • ost ol a p.i omul UMinir.il was estimated to bo 
bnsod on a buy of 10,000. 


S> st on n giilsHlo n fu n,l inn i f.m 11 oinont s (1977 SM) 
10 1/M. MW 1985 l_98o 1*18 7 1988 

J9n.O '..'iA 9o.99 170.87 98.00 19.10 


15 ELECTRON 1C MAIL — AS IA 

PoL nl 1 i l mark, t aro.i - Inis am hot opportunity extends e’.utronic mall 
to t ho Asian tin itor. and botwton Asii/ll.S. and As 1 j/I urope/Al r li a. 

Ko •pen s t h I «■ f>su y: loreip.n p.ovet nmenl (Inpun) or consortium 

Assnmpt t oiis/p. i omul m l . s/1 Imll it ions - Sou No. 8, rieitioule Mall — 
lnrepe/.\i 1 1.- 1 . 


Cost data - Cost data wore ostlmitod by ottlop.y to No. 2, P.leitionii 
Mail—USA. As in No. 8, Hist ton it Mail—I in opo/Afiion, the i ost of ground 
stations was not ost im.it od. Soo No. 8 lor i ost data. 

Sistim .n «pa isi t Ion fund l ap, r e<|n 1 1 . ment s (1977 $M) 

T UTAI. 198A 1985 J98n 1987 1988 1989 

207.8 1.50 33.16 09.99 05.00 31.00 0.29 

16. POCKET TELEPHONES—ASIA 

I’ol i in I 11 in.trU I iro i - This am hor opportunity Is an extension ol No, 3, 
Pocket telephone—USA; and No. 9, Pocket telephones—Lurope/Africa to the 
‘Aslan area, it also connects Asian countries and countries served by the two 
former opportunities. 

Responsibl e ni'.eiu y - Koreip.n government (.lap,in)" or consort liun 

Assnm pt loiis/^ ronml iules/1 miit.il i m is - See No. 3, Pocket v elephono.a 
—USA. 
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Cost data - Cost estimates were derived by analogy to No. 3, Pocket 
Telephones—USA. See No. 9, Pocket Telephones—Europe/Africa for cost data. 


System acquisition funding requirements (1977 $M) 

TOTAL 1985 1986 " 1987 1988 1989 

261.9 2.94 64.14 116.9fr «.22 12.64 

17. ELECTRONIC TELECOMMUTING 

P otential market area - In a number of service Industries, form (paper) 
pioccaslng is the major activity. In this anchor opportunity, the paper 
processing operation would be decentralized Into neighborhood centers that .ire 
electronicallv linked to a central computer. Thereby, paper-processing employees 
would not need to travel to lentral (downtown) office facilities with resultant 
savings In time and gasoline.. The service companies would also benefit by having 
the work done in lower-cost facilities. Wldesptead implementation of ti lecommu- 
ting would necessitate a dedicate space payload to link tne form-processing 
centers with the central computer(s). 

R esponsible agency - Commercial 

Assumptlons/g n mnd rules/jimitation s - A description of this concept may 
be found in an earlier section. Service companies employing telecommuting 
would lease capacity on a continuing, permanent basis. 

0 Space operations - The antenna and electronic packages were 
assumed to be emplaced on the geosynchronous platform. 

° Giound operations - Both the paper processing centers and the 
computer centers would have antennas and interfacing elect!an¬ 
tes . Each paper-processing center would have many CRT terminals 
—all connected to a remote computer via ante!lite relay. 

Cost data - Coat estimates of the space segment were derived by analogy to 
No. 5, Business Systems Data Transfer—USA. The ground segment cobL data apply 
only to the mission control/Hystem management center. 

° Ncn-rcrumr.g cost ($M) 

Space segment 150.0 

Ground segment 5.0 

Transportation to LEO (1/2 Shuttle) 11.0 
Total 166.0 1 

0 Annual operating costs ($M) 

Space segment 
Ground segment 


6.0 

10,0 

16.0 
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Initial coat of CRT consoles was estimated at $1000 each. The cost of 
interfacing electronics at the processing center wns estimated to be $50,000 
and at the computer center, $30,000, 

System acquisition funding requirements (1977 $M) 

TOTAL 1985 1986 1987 1988 1989 1990 

166.0 1.20 26.b5 55.90 51.98 25.24 5.03 

18. DIRECT BROADCAST EDUCATION—ASIA 

Potential market .ne t - This anchor'opportunity Is an extension of 
No. 4, Direct Broadcast education—USA, to the Asian area. 

Responsible agency - Foreign government (Japan/Chlna/Indla) or consortium 

As sumpt lons/ground rules/1 Imitations - See No. 4, Direct Broadcast Educa¬ 
tion—USA. Iho five TV channels would be allocated among the nations procuring 
the system. 

Post data - Sue No. 10, Direct Biuadcast Education—Europe/Africa, for 
tost dati. 

System acquisition funding requirements (1977 $M) 

TOTAL 1986 1987 1988 1989 

IS8. J. 14 66.45 75.2J 14.08 

19. BUSINESS SYSTEMS DATA TRANSFER—ASIA 

Po* ei i tln l market .iron - The same drivers which justified the U.S. and 
European/Afrit an versions ot this anchor opportunity would mandate its instal¬ 
lation into * he Asian area. 

Responsible agency - Foreign government consortium 

Assumptio ns/g round rules/1 urltat Ions - See Ho. 5, Business Systems Data 
Transit r—USA^ 

C ost data - Sou No. 12, Business Systems Data Transfer—Furope/Africa 
for cost data. 

System acquisition tending re i pil iimeats (1977 $M ) 

T OTAL 1986 1 987 J98H 1989 
132.2 2.62 55.10 62.38 11.7D 
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<!0. ELECTRONIC TELECONFERENCING—ASIA 

^ Potential market area - Much of the time and coat required for travel to 
the Orient for business meetings could be saved by n teleconferencing link to 
the Aslan area. Furthermore, intra-Asian teleconferencing would likely be 
justified by 3.990. This anchor opportunity would complete a world-wide telecon¬ 
ferencing network through Numbers 6 and 33. Electronic Teleconferencing—USA 
end —Europe/Africa, reeptctivel/. 

Responsible agency - Foreign government consortium 

ASsumptIons/ground rules/1imitations - See No. 6, Electronic Teletonfer- 
encing—USA. 

Cost data - See No. 13, Electronic Teleconferencing—F.uropc*/Africa for 
cos. data. 

System acquisition funding requirements (1977 $M) 

T OTAL 198 6 1987 198B 1989 

91 .b 1.81 38.31 A3.36 8.12 

21. NATIONAL INFORMATION SERVICES 

Poten t ial market area - The cost of storing data electronically ia rapidly 
approaching the cos. of storage on a printed page. Extrapolation of this trend, 
coupled with the problem of providing 3pace in libraries for the hooks and 
Journals printed every year, indicates a possible solution In electronic storage 
of boolis and journals. This storage mode would enable computer search and 
retrieval of data from a major repository, such as the Library of Congress. 

Expeilonce with the more than 200 computer-based commercial data tiles that 
can be remotely searched will facilitate design and development of a national 
data retrieval system. 

Responsibl e agency - ll.S. Government (e.g., Department of HEW) agency. 

Assumptions/ground rul es /1imitations - A home CRT terminal or the equiva¬ 
lent would be required for Interactive dialogue with the data searching computer. 
Charges would be based on the duration of the hookup. 

0 S;aco operations - Antennas and electronics for relay were assumed 
tj bo emplaced on the geosynchronous platform. 

0 Jround operations - Either '-ommorcial telephone lines, cable to a 
transmitting facility, or home antennas for satellite telay, could 
be used to link the home units with the computer. 

Cost data - Cost estimates were derived primarily through CFR's applied 
to system specifications and by analogy to No. 3, Personal Communications—USA. 
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0 Non-recurring cost ($H) 

Space segment 
Cround segment. 

Transparenticn to 
LEO < 

Total 426. J 

° Annual operating cost ($H) 

Space segment 6.0 

C.round segment ** 


313.5 

51.0* 

21.8 


The initial ci st of Lhe interactive home Urminnls was estimated to he on 
the order of 5600. ‘ ' 


S ystem acgulsltlon~funding requiremen t i (1977 $M) 

TOTAI. 1987 1988 1989 1990 1991 1992 

<*26.3 3.07 68.42 143.59 13J.<*9 64.82 12.91 

?2. LANDSAT D 

Potential market area - Lands.it 0, sc lied:: led to be launched In 1981, was 
included as an anchor opportunity because ot the highly beneficial (commerci¬ 
ally) data anticipated from its advanced sensors. 


Responsible agen cy - NASA 

An sumptions/ground rules/llmi tations - Although designed for a seven-year 
life, a ten-year operational life was assumed because of the extended lifetimes 
of its predecessors. Furthermore, it was assumed that Landsat D would not be 
rt•'laced because the several special-function saLellitcB would be routinely 
providing earth surface data in approximately 28 spectral frequencies, which 
is several times the capability of Landsat D. 

° Space operations - Landsat 1) is a single, dedicated spacecraft, 
and will provide an 18-day repeat overflight cycle, 

• Cmunel operations - Facilities, currently being expanded, for 
receiving and processing Landsat data were assumed to be ade¬ 
quate for Landsul 0. 


*ln<-ludes lost of computer and conversion of hlgh-uso items to electronic 
storage and development of author royalty reimbursement Bystem, 

**Annuai operating costs of Lirrary of Congress facility were not included 
because a detailed analysis would 1)0 required to determine whether the 
proposed system would result in increased costs. 
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Coat data - The basic source of the coBt data was budget hearings. 
Because the hearings data were not divided into space segment and ground seg¬ 
ment , only Che lumped sum was used. 

® Won-recurring cost ($M) - 128.8 

® Annual equating cost (SM) - 10.0 

System acq . , tuition funding requirements (1977 $M) 

TOTAL 1960 1981 

123.P 97.5 31.3 

23. SEASAT B 

Potential market area - If the substantial benefits anticipated from 
Seasat A materialize, then a more frequent overflight cycle will be deaited. 
Seasat B was Included because its addition would result in doubling the fre¬ 
quency of sea condition observations. 

Respo n sible cgc.'.cy - NASA 

Assumptlons/gencral rules/limlCations - Acquisition of SeaBat U was 
assumed to begin in 1980. The satellite was assumed to have a lC-year life. 

® Space operations - Seasat B was assumed to be a single, dedi¬ 
cated spacecraft. Seasat B would use Seasat A's mission control. 

8 Ground operations - Attainment of maximum commercial benefits 
from the Seasat A and B system was assumed to require expanded 
ground facilities for more rapid data analysis and dissemination. 

Cost data - The source o£ Seasat B cost data was Seasat A budget 
hearings. 1 


•» Non-recurring cost ($M) 

Space segment 

73.0 

Ground segmen- 

10.0 

Transportation (non-Shuttle) 

13.0 

Total 

96.0 

9 Annual operating coat (SM) 

Space segment 

— 

Ground segment 

10.0 

Total 

10.0 


System acquisition funding requlrementa (1977 $M) 

TOTAL 1980 1981 1982 1983 ORIGINAL PAGE & 

96.0 1.90 A0.16 A5.AA 8.50 gp POOR QUAlI^ 


197 






) Rockwell International 

SpeceOMoion 


24. OIL/MINERAL LOCATION 

v 

Potentini market area - This anchor opportunity consists of a dedicated 
satellite similar to l.ands.it D, hut with sensors especially selected for the 
detection of oil agd/or mineral deposits (i.e., tar sands, lignite, peat, etc.). 
Oil deposits might he sought by detect !or oll-ijvtaling slicks floating on sur¬ 
face water after rains in sparsely inhabited regions 

Respons i ble agency - NASA; this would be a developmental satellite to test 
feasibility of comept. 

AHstim ptl ons/general rules/1im ita tions - The spacecraft is assumed to have 
a ten-year life. Although total earth «overage should be attainable (with minor 
exceptions) within several years, the oeiurrence of unique conditions essential 
to mineral detection wtuld take longer (e.g., oil slicks on snow melt runoff). 

• Space oi".'r<itions - The spacecraft was assumed to be a single, 
dedicated satellite, 

® Ground - Additional data processing and mission 

control facilities were assumed to l>e required. 

Cost data - The cost estimates were derived by analogy to Lands.it 1). 

8 iVofi ~ro<,urnm co\ t ($n) 

Space segment 180.0 

Ground segment 10.0 

Transportation (Polar—1/2 SluiLLle) 11,0 

Total 201.0 

® Annual operati/w cost ($N) 

Space segment — 

Ground segment ' 10.0 

Total 10.0 

System acquisition fundi lg regtiiremeiits (1977 $M) 

TOTA L 1981 1982 1983 1984 1983 

201.0 2.25 '.9.22 55. ?o 5u.0b 9.69 

25 WATER .RESOURCE MAPPING AND DYNAMIC SYSTEMS—A 

, Potential market area - Water management Is becomirg increasingly recog¬ 

nised as a critical government function, Demands on water resources need to 
be balanced for optimal benefit. Ibis anchor opportunity would provide basic 
data for water management on national, regional, state, and local levels. 

Responsible agon. y - II.S. Government (e.g., Department of Agriculture 
or Depirfment of Interior) ap.ency. 
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Assumptions/ground rules/llialtatIona - Approximately seven sensors, sensi¬ 
tive to spectral frequencies related to water detection and flow monitoring, 
were assumed to be carried on the space payload. The payload was assumed to be 
mounted on a common polar platform (Platform A—No. 56—would give 18-day repeat 
coverage) along with several similar payloads that are obtaining data on identi¬ 
cal target areas, but in other spectral frequencies. A description of the polar 
platform can be found in another section of this report. The "A" in the title 
signifies the first of three Identical payloads (A, B, and C), spaced to give 
six-day repeat coverage. 

0 Space operations - The pavioad antennas, sensors, and electronic 
package would be emplaced (prior to launch or by the Shuttle) on 
a polar (sun-synchronous) platform. Data would be relayed via 
TDRS tc a ground receiving station or to an orbital data process¬ 
ing facility (see No. 55, Low Earth Orbit Base). 

® Ground operations - Dedicated giOunJ facilities were assumed for 
data analysis and rapid dissemination. 

Cost_data - Cost estimates were generated by analogy to the Landsut D 
costs. 

0 Non-recurring cost ($M) 

Space segment 60.0 

Cround segment 5.0 

Transportation to polar orbit (1/2 Shuttle) 11.0 
Total 76.0 

® Annual operating cost ($MJ 

Space segment (Platform A) 

Cround segment 

Total 12.0 

System acquisition funding requirements (1977 $M) 

TOTAL 1982 1983 1984 1985 1986 

76.0 0.85 18.61 33.94 18.93 3.67 

26. TOPOGRAPHIC MAPPING 

Potential market are a - Planning for efficient transportation, irrigation, 
and resource development requires accurate topographic data. Conventional means 
for acquiring these data are many '.imes more expensive than their acquisition 
via satellite. The Slereoaal, described in the February 21, 1978 issue of 
D efense/Space Daily (p. 273), is similar in many respects to the concept envis¬ 
ioned in this anenor opportunity k 

Responsible agency - NASA (because satellite is basically developmental. 
rather than operational). 


. 2.0 
10.0 
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Assumptirns/ground rules/limitations - Tlie spacecraft was assumed to be a 
single-purpose, dedicated satellite. Data from the satellite would be relayed 
via TDRS to a ground station or to a data processing station In low earth orbit 
(see No. 55, low barLit Orbit Rase). Techniques are being refined lor direct 
development of topographic maps through computer processing ol the data. 

• Space operations - A ten-year life was assumed for the satellite. 
Stereos* epic data would be obtained for predetermined areas by 
programming of the satellite operations. 

9 Uround oporctions - Automated i omputer-t out rolled, topographic 
nup-muMng machines would be used to produce maps from the 
BntelIite data. 

I 

Cost data - Cost estimates were Jetlved b\ analogy to l.andsat eost data. 

9 Non-rci-urrJihj cost ($M) 

Spate segment 180.0 

Ground segment 10.0 

TransnortatIon to polar orbit (1/2 Shuttle) II. 0 

Total 201.0 


• Annual u/H'tatJtiff cost {$.'!) 

Cround segment 10.0 

Total 10.0 

System acq ui sition fundin g re quire m ents ( 1977 $M) 

TOlAh 1982 1981 1984 1985 JI98b 1987 

201.0 1.45 J2.2(> 67.70 62.93 .10.57 6.09 


27. WATER RESOURCE MAPPING AND DYNAMIC SYSTEMS—B 

Potential market ar ea - This anchor opportunity is an .adjunct to No. 25, 
Water Resource Mapping and Dvnamic Systems—A. This is the second of three 
payloads spaced so as to give six-day repeat (overage. It follows Platform A 
by .two years. 

Responaiblc agentv - See No. 25. 

A ssump 11out-’/ground ru les / 11m 1 ta tions - See No. 25. Ground segments estab¬ 
lished for No, 25 ate used hc.o without any additional cost. Polar Platform B 
Is No. 59. 

CosL data - Cost estimates are generated by analogy to Landsat D costs. 
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Non-recurring cost ($M) 

Space segnent 
Cround segment 

T-'atfsportation to polar orbit (1/2 Shuttle) 

Total 

® Annual operating cost ($M) 

Space segment (Platform B) 

Cround segment 

Total 

System acquisition funding requirements (1977 $M) 

TOTAL 1983 1984 1985 1986 1987 

71.0 0.80 17.40 31.69 17.68 3.43 

28. CROP MEASUREMENT—A, B, C 

Potential market area - Attempts at forecasting key crop harvests based 
on Landsat A and B data have been very encouraging. Large Area Crop Inventory 
Experiment (LACIE) and other programs are verifying the feasibility of crop 
measurement by satellite. This anchor opportunity produces worldwide fore¬ 
casts o f crop yields—thus facilitating generation of prudent agricultural 
policies. 

, / 

Responsible agency - U.S. Government (e.g., Department of Agriculture) agency. 

Assomptions/ground iules/1imitations - Approximately seven crop detecting/ 
resolving sensors are integrated in each of tnree identical payloads. The 
three payloads are mounted on Polar Platforms A, b, and C (Numbers 56, 59, and 
60, respectively). A description of the polar platform can be found in another 
section of this report. 

• Space operations - The three payloads are equally spaced in a 
common sun-synchronous orbit so that repeat coverage is obtained 
every six days. 

® Ground operations - The acquired data would be analyzed by com¬ 
puter and crop forecast', developed and updated for key cropt? on 
a worldwide basis; the data would be disseminated internationally. 

l Cost data - Cost estimates were obtained by analogy to the Landsat D 
cost data. 

® Non-recurring cost ($M) 

Space segment 
Cround segment 

Transportation"to polar orbit (1 Shuttle) 

Total 
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• Annual operating cost ($'!) 

Space segment (for three payloads) 

Ground segment 

Total 

System acquisition funding requirements (1977 $M) 

TOTAL 1983 1984 1985 1986 1987 

,206.8 2.32 50.65 92.36 51.49 9.98 

29 GLOBAL EFFECTS MONITORING—A, B 

Potential market area - The U.S. Weather Bureau is gradually increasing 
the accuracy ■no range of its forecasts. Aiquisition and interpretation of 
key daLa are essential to tne continuation of this trend. In this anchor oppor¬ 
tunity, mngnetospheric data plus other data are acquired by payloads attached 
to Polar Platforms A and B In sun-synchronous orbit. These data are integrated 
with data from other sensors (e.p., in geosynchronous orbit and on space sta¬ 
tions) to enjble improved longer 'Jii h c weather fore-asts. 

Responsible agenc y - U.S. Government (e.g.. Department of Commerce) 
agency. 

Assumptions/giomul rules/ ! imitations - These payloads are in a grey area 
between -scientific rese.-rch and fommeriial applications and are included as an 
anchor opportunity ben •msi of the highly beneficial Impacts that would result 
from even a marginally improvec. weather forecast’ng capability. 

• Space operations - Data acquired bv Lho two payloads (120 degrees 
apart)- are relayed via TDRS to ground stations or to a space base 
in low earth orhit (see No. 55) for processing prior to earth 
relay 

° Ground operations - Data would be fed into a weather modeling 
computer. Because weather modeling computers already exist, 
neither haidware nor softwaie costs were included. 

Cost data - Cost estimates were derived bv analogy to Landsat D cost 

data. 


6.0 

10.0 

16.0 


• Non-recurring cost ($M) 

Space segment (two payloads) 120.0 
x Ground segment 5.0 

Transportation to polar orbit 21.8 
Total 146.8 


0 Annual operating cost ($M) 

Space segment (two platforms) 4.0 

Ground segment 10.0 

Total 14,0 
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System acquisition funding requirements (19/7 SM) 

TOTAL 1983 1984 1985 3966 1987 

146.8 1.65 35.95 65 a6 3i>.55 7.09 

30. WATER RESOURCE MAPPING AID DYNAMIC SYSTEM—C 

Potential market area - This anchor opportunity is part of Numbers 25 
and 27j Water Resource Mapping and Dynamic Systems—A and —B, respective 1 y. 

It is the third of three payloads spaced 120 degrees apart in a common sun- 
synchronous oroit so «.s to pro/idc six-day repeat coverage. Its acquisition 
follows the B-payload acquisition ty oie year. 

Respo --"Set* T5o.“25. 

Assumptions/ground rules,'! Imitations - See Numbers 25 and 27. 

Cost data - See No. 27. 

, I 

System acquisition funding re q uirem ents (1977 $M) 

TOTAL 1984 1985 l9?o 1987 

7i.O l.aC 29.69 3> 62 b.29 

31. OCEAN RESOURCES AND DYNAMIC SYSTEMS—A, B, C 

r otential market area - Based on d“t_a acquired from Seasats A and B, 

Landsat D, and other satellites, infonnarion w^Ll be available for Lhe develop¬ 
ment of payloads designed to detect major schools of fish and krill-rich areas. 
Compilation and analysis of oceanic data will enable more efficient fishing 
and, possibly, management of fish resources. 

Responsible agency - U.S. Government (e.g., Department of Commerce) agency. 

Assuirptions/ground rules/limitations - L’ach of the three identical payloads 
was assumed to contain approximately seven sensors that operate at spectral fre¬ 
quencies selected so as to provide discriminatory data to enable detection of 
schools of fish and krill. 

• Space opeiacions - The three payloads are mounted on platforms spiced 
120 degrees apart in a polar (sun-synchronous) orbit, so as to provide 
repeat coverage every six days. Data are relayed via TDRS to ground 
stations, or to a data processing facility in low earth orbit (see 
No. 55), for relay earth. 

• Ground operations - fhe Key function to the ground operations is to 

Jisseminate data to fishing fleets that have contracted for the 
service. * 

Cost data - Cost estimate', were generated by analogy lo Landsat D data. 

SSSiSS 5 
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° Non-recurring cost ($N) 

Space segment (three payloads) 180.0 
Ground segment 5.0 

Transportation 21.8 

c Total 206.8 
• Annuel operating cost C$H) 

Space segment (three platforms) 6.0 
Ground segment 10.0 

Total 16.0 

System acquisition funding ru|uire"ents (1977 $M) 

. TOTAL 1984 1985 1986 1987 1988 
206.8 2.32.- 50.65 92.36 51.49 ~‘*^8 


32. MICROWAVE RADIOMETER 


Potential marke t, area - A large micro-rave radiometer will provide data 
which, when analyzed and combined wicn ii.u.> fra - ” sources, will yield 

unique clues to potentially valuable resources. 

Responsible agency - NASA 

Assumptior.s/c,round rules/limitations - lne spacecraft was assumed to be 
a single, dedicated satellite. Because of the ground resolution desired, it 
would 1 be very large. Design data and specifications of the satellite are 
described “in'another section of die report. 

° Space operations - Hie satellite would be m a relatively low- 
altitude, high-:nclmat ion (polar) orbit. Data would be 
relayed via TORS lo a ground station, or to a data processing 
station in low earth orbit (sec No. 55). The satellite would 
provide repeated ground coverage every 18 to 20 days. 


• Ground operations - Tlire-sensitive c.ata, such as iceberg loca¬ 
tion, would be quickly t'oiwarded to the U.S. Coast Guard. Data 
not time-sensitive would be analyzed and resuics provided to 
requesting agencies and/or customers. 


Cost data - Cost estimates were derived primarily from CER’s applied to 
preliminary design speciticatio”s. 


° Non-recurring cost ($N) 

Spat e segment 
Ground segment 
TransportatIon 


717.7 
10.0 

173 0 

900.7 
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® Annual operating cost {$M) 

Space segment — 

Ground segment 10.0 

Total 10.0 

System acquisition funding requirements (1977 $M) 

TOTAL 1984 1985 1986 1987 1988 1989 

900.7 6.49 144.57 303.35 282.04 136.96 '27.29 

33. LDtiAR ORBITER 

Potential market area - The lunar orbitoi is a forerunner ot missions 
^Mding to tlie possible eslabLishment of a manned lunar colony nft*»r the 
turn of the century. 

Responsible agency - NASA 

Assnmptions/ground rules/limitations - Tlxo lunar orbiter was assumed to 
be similar to Landsat U. it would be placed in a polar lunar omit from 
which it would map lunar resources. Sufficient data storage capacity would 
be provided so that data acquired while on the back side cf the moon could 
be lOtrpressed, siuied, • sent to earth simultaneously with the transmission 
of data beinr acquired on the tront-side pass. T5,e payload would carry about 
seven sensors, e#ch .responsive to a diffe-;nt spectral frequency. 

° Space operations - The lunar orbiter was assumed to draw ..pop 
hardware developed for the 1960's lunar orbiter, the Viking 
orbiter, and the Landsnts. Its RCS system would enable it to 
lower Its orbit altitude and go Into an alternative (high¬ 
speed, narrower width) scar. * - «>de m order to provide substan¬ 
tially higher resolution of sites of interest. 

° Ground operations - Data would be relayed '<ia IDRS to a ground 
station for processing and analysis. j 

Cost dat a - Cost estimates were generated by analogy to Lanusat D cost 

data. 

® Non-recurring cost ($>1) 

Space segment 180.0 

Ground segment 0.0 

Transportation (Hl.LV + 2 Ills's) J8.6 

Tu* a! 708.6 

9 Annual operating cost (<*•) 

Space segment — 

Ground- segment 1 0.0 

Total ' 10.0 
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Sys tem icgulsitlon fund 1 up, - cgniroments (1977 $M) 

TOTAL .985 1986 1987 1968 1989 

208.6 2. 34 51.09 93.17 51.94 10.06 

34 HIGH-RESOLUTION RESOURCE SURVEY 

. atcut la 1 market .ii ca - Resource survcvs by Einusnt D arc limited by a 
icsoH.i Ion e.inability on the order of 100 feet. Certain mineral outcropping*', 
or >>tlu r resoutii* Indicators may be overlooked at that resolution. This 
anchor opportunity incot pot ates a aitolllLu with a resolving capability on 
the ordet ot 25 feet to *.c.u»ti tot e\p lo 11 able resoirces. 

?2ld!'ii!i2- 1 *>l*.ea cy - NASA 

As snmp t ion ./g round i u 1 on / limi t it toi l'* - Hie sit el 11 to was assumed to be a 
siiic.lt, dedicated sp.icoi ral t plated .nto sun-synchronous orbit, and equipped 
witli approximately seven sensors. 

* ‘.pare o/H’jatjf'/i*. - A 7- to 10-vear satellite lifetime was ansumed. 

Kcpe it ground coveiage was assumed to occur every 18 days. The 
data rati* would be about lb times tiiat of Laodsat D. Comeivably, 
laser tommunie.it ions would ho used. Data would be relayed via 
ri)KS (or a laser version hv ,,! *Hi) to a data processing station in 
li'W eat lb orbit (see No. 55). 

e ijiouiul . - Mi is ion Coni i ol was assumed to program the 

satellites' operational t\tles. Data would be processed by 
l.ictlitie. added to those of the l.indsats. Dedicated computers 
would be requited ioi the. analyses. 

Cost dot i - Cost estimates W’ere del ived by analogy to I.andsat D cost 

data. 

° No’i-r-'currjng cost ( $M) 

Space segment 
C.roum segment 

Transport.it ion to polar orb>L 
(l/> Shuttle) 

Total 

• .In/n/ il of<or iting cast ($>}) 

■Space segment 
0round segmenL 

7 Total 

Svs t em ac qul sit i on funding re q utiements (1977 $M ' 

T‘11 AL i 986 1987 1*168 1989 1990 

201.0 2.25 49.22 <?.?? 50.06 9.o9 


180.0 

10.0 

11.0 

201.0 

10.0 

10.0 
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35. HIGH-RESOLUTION RADAR MAPPING 

Potential market area - Those regions that are usually cloud-covered, or 
which were Impossible to map by satellite or airborne systems, would be mapped 
i>> r’-iar in this anchor opportunity. An imaging radar (synthetic aperture) 
with some on-oo.«r2 processing 0 was assumed which would provide ground resolution 
on the order of 50 feet. 

Responsible agency - NASA (because of the developmental nature of the 
satellite). 

Assumptions/ground rules/limitations - The radar-mapping satellite was 
assumed to be a single, dedicated spacecraft in polar orbit. 

0 Sppcc operations - During pic—programmed operational poriudb, data 
would be transmitted i- teal time via 1DRS to a ground station or 
to a data processing station in low earth orbit (see No. 55). 

8 Giound operations - Because of a large degree of staudardizat ion 
in the received data, giound computers would readily analyze the 
dat l and generate maps. 

Cost da ta - Cost data were generated by extrapolation from other sate 1- 
lice COHs. 

° von--’ ing co*t ($y) 

Sp.u.c segment 
Crounn segment 

Transport it ion tu polar orbit 

Total 301.8 

8 Annua 1 oitfrating cost f $M) 

Space segment — 

Ground segment 10.0 

Total 10.0 

System acquisition funding requirements ( 1*17/ $M ) 

TOTAL 1986 1987 1988 jjay 1 990 1991 

301.8 2.18 a8.45 101.63 "a.50 45.90 9.14 

36 LUNAR UNMANNED EXPLORERS 

Potential market area - following tie lunar orbiter (No. 33), lunar 
unmanned explorers (rovers) would be sent to the lunar surface to confirm 
lunar arbiter data and to explore likely sites for manned scientific and 
mineral-processing colonies that might he established in the late 1990's ot 
early 2000*s. 

R esponsible aeency - NASA 


270.0 

10.0 

_21_.8 




/ 
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Aagurngt Iona/ground rules/1imitation s - The Itmsr explorers were toauiaed 
to be a combination of the lunar roving «*chl«,ie (LRV) from the Apollo program 
and the Viking with some tele-yc-ation-type capability. 

® Lur»z operations - A traverse distance on the order of 50 miles 
(per battery set) was assumed. Two additional battery seta 
were assumed to be stored at the landing site. 

0 Ground operations - Communications with the unmanned explorers 
woulu be maintained through ground stations linked by earth 
satellite relay to a central mission control. 

Cost data - Cost estimates were obtained by analogy to former space pro¬ 
grams and assumed a substantial legacy from them. 

9 Won-recurring cost ($;:) 

Lunar segment 300.0 

Cround segment 10.0 

Transportation (HI.LV + OTV) 42.8 

Total 352.8 

0 Annual operating cost (I'M) 

Lunar segment — 

Ground segment 10.0 

Total 10.0 

System acquisition fundlng requirements (1977 ^M) 

TOTAL 19«Q 1990 1991 1992 1993 1994 

352.8 2.54 56.63 118.83 110.47 53.65 30.69 

37. ISOENZYMES (SPACE BASE FACILITY) 

Potential market area - This anchor opportunity is rnpresc-ntative of 
pharmaceuticals to be produced In an orbiting soace base facility. 

Responsible agency - Commercial 

Assumptions/ground rules/1imitations - This anchor opportunity was afsumed 
to be representative of pharmaceuticals that* while lifp-t»aving f would ne> v to 
be produced in relatively small quantities. Consequently, It was assumed na». 
the product(s) would be produced at the medical and genetic research fact' .ty 
^see No. 50) by its general-purpose equipment. Consequently, the cost of 
acquiring the facility was assumed tc be divided equally between this anchor 
opportunity and No. 50, Medical and Genetic Research. 

• Space operations - Costs of space opera-ions include transporta¬ 
tion of.materials for processing plus costs thjt are reflective 
of the man-hours required and equipment use charges. Less than 
12,000 lb of pharmaceuticals were assumed to be produced per year. 
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® Ground operations - Upon return to earth, the processed 
pharmaceuticals were assumed to enter conventional product 
Streams; therefore, no additional out-of-pocket costs 
assessable to space processing were assumed. 

Cost data -oCost estimates were derived from recent spnce base and 
laboratory studies. 

® Non-recurring costs, $M (1/2 of actual total—see No. SO) 

Space segment 100.0 

Ground segment - 5.0 

Transportation 11.0 

Total 116.0 

• Annual operating cost ($H) 

Space segment 7.0 

Ground segment — 

Total 7.0 

System acquisition funding requirements (1977 $M) 

TOTAL 1982 1983 1934 1985 1986 

116.0 1.30 28.42 51.80 23.88 5.60 


38. UROKINASE 
39.. INSULIN 

Potential market area - These two opportunities were assumed lg be 
repr, 'cntatroe of those pharmaceuticals that would be required in targe quanti¬ 
ties .-nd therefore would be produced In dedicated facilities (modules) attached 
to a space base. 

Responsible agency - Commercial 

Assumptlor s/ ground rules /]Im itations - Approximately >0,000 lb of each 
of the two products were assumed to be produced par year. Logistics missions 
that would require one fourth of the Shuttle capacity for each product weio 
assumed to occur every three months. ' 

® Space operations - Periodic maintenance by space station 
personnel was assumed to be required, and man-hour charges 
for these services are inrludcl m the cost data ns are 
1 the charges for energy consumed. 

* Giound operations - No charges for ground operations were 
assessed because, upon return to eartn, the processed 
pharmactuticals were assumed to enter conventional product 
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Cost data - Cost estimates were derived from space station studies which 
included datu on space processing modules. The following data are applicable 
to both No. 38 (Urokinase) and No. 39 (Insulin). 

® ..on-re*. urring cost ($M) 

Space segment 200.0 
Cround segment e 5.0 
Transportal ion 21.8 

Total 226.8 

• Anini.il Ofvrating cos* {$>!) 

Space segment 7.0 

Grqui. * segment — 

Total 7.0 

Sys tem a c.pi l sit ten fund in g rcqn 1 roitn.»u s (19/7 $M) 

lOTAl 198J 1984 198 1 ) 1986 198 7 

226.8 2.34 53.SS 101.29 56.48 10.94 * 

i 

U 0A LARCH CRYSTALS (NASA PROCESSING FACILITY DEVELOPMENT)* - | 

1 

Potentia l n irket area - This author opportunity is divided into the NASA- ! 

funded developru nt of a geiutic spate protest lug facility (No. 40\) ind the J 

actual production anti equipment of proto.sing facilities with unique pro-ctsing 
hardware (Numbers 40B through 47). The economic merits of process mg Lite eight 
inorgantr products shown have not been proven. The products should be viewed 
as representative of those whose economic Justification will he established by 
Space Lab experin.et.ts. 

Respons ible Igumy - NASA 

. •ssiunption s/g rou nd rnles/1inltutlonn - The spare processing facility was j 

assumed to be a free-flying satellite const rutted around a ground-modified 
expended Shuttle external tank (ITT). Design data and specifications ere dis- ' 

cussed in another sett ion ot this repett. > 

® Space operation* - See following space processing opportanitv. 

® crouthl e/eMtjoito - See follown* space prtuesslng opportunity. 

Cos t data - Cost ‘*st Hites fm tin development of the facility were 
derived primarily from Cru's applied to priLiminary design specifications. 

« sen-recurring cost (SN) 

Space segnert 213.2 

Ground scgmiut 5.0 

Transportation (not applicable) ~ 

Total 218.2 

•In this study NASA funds were assumed, however, in this or any of the oppor¬ 
tunities, commercial lunding may be furthcoming,and precipitate n Joint ox 
strictly commercial venttie. 

/ 
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0 Annual operating cost - Not applicable 

System acquisition funding requirements (1977 $M) v 

TOTAL 1981 1982 1983 1984 1985 

218.2 2.45 53.44 97.43 54.34 10.54 

40B. LARGE CRYSTALS 

41. SUPER-L/^GE-SCALE INTEGRATED CIRCUITS 

42. NEW GLASSES 

43 HIGH-TEMPERATURE TURBINE BLADES 

44. HIGH-STRENGTH PERMANENT MAGNETS 

45. CUTTING TOOLS 

46. THIN-FILM ELECTRONIC DEVICES 

47. CONTINUOUS RIBBON CRYSTAL GROWTH 

p orer.tial market area - These anchor opportunities are considered typical 
of those whose on-orbit production will be found to be economically viable 
based on Spacelab experiments. Of the 150 space processing experiments com¬ 
piled by the West German government, it was considered reasonable that five 
percent would result in the establishment of full-scale processing facilities 
in orbn. 


Re sponsible agency - Commercial—corporations or consortia would fund 
production and operation of the facilities. 

Assumotions/ground rules/limitations - Each manufacturing facility would 
be a dealcatc• , f.'ci-fIyer, based on the external tank. All of the anchor 
opportunities would require large amounts of ene-gy, even assuming significant 
recapture of waste heat. Approximately 50,000 lb of material wcs assumed to 
be processed annually by each facility. 

• Specie operations - The facilities were assumed to be located in 
low-incLLnation earth orbit. Batteries (charged by over-sized 
solar panels during sunlit passages) were assumed to provide 
power during earth-shadow passage. Logistics flights were 
assumed to occur every three months. 

• uround operations - A centralized mission control and satcllire 
monltoiing facility was assumed. Its costs woalc be shared b> 
the users. No ground processing costs were assessed against 
ground operations because it was assumed that the material would 
enter conventional product streams. 

( ost data - Cost estimates were derived primarily' by CEH’o applied to 
design data. The following cost data apply to each of uic e.'ght opportunities: 


° Non-recurring cost ($M) 

Space segment 126.5 

Ground segment 10 0 

Transportation (six Shuttle flights) 130.8 
Total 267.3 


ORIGINAL PAGE Vz 
OF POOR QUALITY 







RockweiJ International 

Space Division 


9 Annual operating cos*- ($M) 
V 

Space segment 21.8 

Ground segment 2.0 

° Total 23.8 


System acquisition funding 


OPPORTUNITY 

NUMBER 


1QTAL 

262.3 


1981 

2.94 


45 

46 

47 


267.3 — 


267.3 — 


• gulremonts (1977 $M) 


1982 

64.24 

65.47 

3.00 


3983 

117.14 

119.36 

65.47 

3.00 


1984 

65.32 

66.57 

119.36 

65.47 


1985 

12.66 

12.90 

66.57 

119.36 


1986 1987 


12.50 

66.57 12.90 


48A. SOLAR POWER SYSTEM DEVELOPMENT (NASA PORTION) 

P otential market area - Relatively large amounts of solar-derived energy 
will be required by i number of NASA programs. In addition, several NASA 
programs will entail the construction of large space structures. Therefore, the 
cost of development of that portion (minor) of this anchor opportunity, which 
substantially applies to other NASA programs, was* assumed to be borne by NASA. 
The major portion would be borne by the Department of Energy (sec No. 48B). 

Responsible agency - NASA 

Assumptions/ground rules/limitations - Developments related to the beam 
machine, which wc>ld be required for the construction of several NASA large 
space structures, were assumed in this anchor opportunity. 

® Space operations - The space operations consisted of a Shuttle 
test demonstration flight (assumed to be successful). 

• Ground operations - No continuing ground operations beyond the 
development chase were assumed. 

Cost data ~ Cost estimates were derived by analogy to system/costs from 
in-house studios of the construction of large space structures. 
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° Non-recurring Cost ($M) 


Space segment 20.0 
Ground segment 5.0 
Transportation 0 21.8 

Total 46.8 


° Annual operating cost - Not applicable 


System acquisition funding requirements (1977 $M) 
TOTAL 198C 1981 1982 1983 

. 46.8 0.93 19.57 22.16 4.14 


<*8B. SOLAR POWER SYSTEM DEVELOPMENT (DOE PORTION) 

Potential market area - The purpose of this anchor opportunity is to 
develop and demonstrate ail of the key technology that would be required in 
the construction of large solar power systems in geosynchronous orbit. Under 
the baseline Plan B, this activity needs to be completed before 1987 in order 
that the decision whether to proceed wi:h the construction of an SPS un be 
made on sound economic data in 1987. 

R esponsible agenc y - U.S. Government agency (Deparrmenu ot Energy) 

A ssuaptlons/ground rules/llmitet .ons - The SPS was assumed to be photo¬ 
voltaic and based on the design generated in the Rockwell SPS study. The 
developmental activities were those identified in that study. 

9 Space operations - Key issues regarding the technical feasi¬ 
bility of constructing an SPS will be resolved by demonstrations 
on orbit. 

® Ground operations - Technical and economic feasibility of the 
microwave-receiving ground station will be demonstrated. 

Cost data - Cost estimates were derived from the Rockwell SPS study. The 
total non-recurring cost of $3000 million was not categorized by space and 
ground elements; therefore, the breakout js not shown. The "annual operating 
cost" does not apply because this is essentially a developmental program. 

Development funding requirements (1977 $M) 

TOTAL 1980 1981 1982 1983 1984 1985 1986 

3000' 15.04 339.68 726.56 930.24 619.36 306.88 62.24 
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49. NIGHT ILLUMINATION (LUNETTA) 

Potential market area - This anchor opportunity results in the night 
illumination of a large number of cities. As a result, large amounts of v 
terrestrial energy (principally oil tor electricity generation) are saved and 
night-tiipe illumination of cities is improved. 

Responsible agency - U.S. Government agency (Department of Energy) 

Assumptions/ground rules/limitations - The primary justification would 
be the saving of energy in the U.S. However, once a network ot Lunettas is 
established, it can service foreign cities with little or no additional cost. 
The basic concept is that presented by Dr. krnfft Ehricke in his May, 1977, 
paper title,cl Spcusc and I'nrynij Sources', and presented at the World Electromechan 
ical Congress in Moscow in June, 1977. 

• Space operations - The network consists of 24 reflectors in 
each of five orbits. These would be revisited occasionally 
for refurbisliment and maintenance. 

° Ground operations - A ground station foi network monitoring 
and control was assumed. 

Cost data - Cost estimates used were basically those presented in the 
paper referenced above. 

® Non-rccumng cost ($M) 

Space segment 2,237.0 

Ground segment 10.0 

Transportation 300.0 

Total 2.747.0 

• Annual operating cost ($M) 

Space segment 10.0 

Ground segment 10.0 

Total 20.0 

System ac q uisition funding requirements (1977 fM ) 

TOTAL 1987 1988 1989 1990 1991 

2747.0 31. lb 672.70 1226.53 683.96 132.55 

50. MEDICAL AND GENETIC RESEARCH (SPACE BASE) 

Potential market area - A large variety of unique pharmaceuticals need 
to be produced (isolated or purified) m relatively small quantities to meet 
highly specialized demand. These could be produced in what is basically a 
research facility. 

R esponsible agency - U.S. Government agency (department of HEW) 
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Assumpt i ons/grourd rules/limicatlons - Isoenzymes (see No. 37) were 
assumed to be produced on this facility which is attached to the low earth 
orbit babe (see No. 55). 

o 

* Space operations - The scientists conducting research would 
likely discover new biological and genetic (recombinant DNA) 
processes unique to the zero-g environment. In addition, 
they would process (extract, purify, synthesize) pharmaceuti¬ 
cals such as isoenzymes that are desired by medical researchers 
on earth. Transportation costs of materials were assumed to be 
minimal. On-orbit man-hour costs were a major cost element. 

® Ground operations - A "mission control" center that would direct 
the research program, prepare materials for space processing, 
and analyze results was'assumed. ", 

Cost data - Costs weie estimated by analogy to space base facilities, 
described and costed in recent space station studies. 


9 Non-recurring costs ($M) 

(1/2 of actual total—sec 

Space segment 

100.0 

Ground segment 

5.0 

Transportation to LEO 

11.0 

Total 

116.0 

9 Annual operating cost ($M) 

Space segment 

10.0 

Ground segment 

5.0 

Total 

15.0 

System acquisition funding requirements (1977 $M) 

TOTAL 1982 1983 

1984 1985 1986 

116.0 1.30 28.42 

51.80 23.88 5.60 

51. SHUTTLE/SPACELAB 



Potential market area • Tne Shuttle and Spacclab will be the initial 
source ,of a number of space benefits. Potential space applications/opportun- 
ities will be tested and verified prior to their full implementation on dedi¬ 
cated spacecraft. Space-produced materials required in small quantities nay 
be produced indefinitely on Shuttle/Spacelab flights. 

Responsible agency - NASA 

Assumptions/ground rules/1Imitations - The Shuttle was assumed to be rhe 
basic space logistics vehicle until the development of the HLLV and even then • 
it would remain the basic personnel transporter. 
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° Space operations/ground operations - The cost of Shuttle 
operations was assessed against the users. 

Cost data - Cost estimates were based on data extracted from NASA budget 
hearings. These did not break out the costs into space and ground segments 
or transpojtation. The total non-recurring cost (through 1983) was $2621.o 
million. 

System acquisition funding requirements (1977 $M ) 

T OTAL 1980 1981 1982 1983 

262’l.6 1127.9 777.9 446 9 268.9 

52. EXTENDED-DURATION 0R3ITER/25-kW POWER MODULE 

Potential market area - The basic Shuttle has an on-orbit staytime on the 
order of seven days because of power limitations. This time period is too 
short for some of the contemplated mission payloads such as those associated 
with the development of space processing hardware which, m addition, will 
also require substantial electrical energy. This opportunity focuses on the 
development of a 25-kW power module that would provide energy for extended- 
duration Shuttle missions. 

Respons i ble agency - NASA 

Assumptions/ground ru les /limit.n ions - The 25-kW pover module, once 
deployed, was assumed to reoam in orbit as a free-flying satellite or mated 
to a payload. 

* Space operations - 'Jhe Shuttle would rendezvous and dock with the. 

25-kW power module for extended missions. 

® Ground operations - The module would have its own mission control 
center. 

Cost data - Cost estimates were based primarily on NASA budget hearing 

data. 


° Non-rocurrmg cost (i>U) 

Space segment 130.0 

Ground segment 10.0 

Transportation 21.8 

Total 161.8 

0 Annual operating cost ($M) 

Space segment — 

Cround segment 10.0 

Total 10.0 
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System acquisition funding requirements (1977 $H) 

TOTAL 1980 1981 1982 1983 

161.8 3.20 67.67 76.61 14.32 

53. ADVANCED TELEOPERATOR 

Potential market area - An advanced teleoperator would be required to 
emplace and service payloads on the geosynchronous platforms. It would also 
be highly desirable for construction of the large solar array structures on 
thisc platforms. 

Responsible agency - NASA 

Assumptrons/ground rule*./limitations - The advanced teleoperator is 
assumed to have a small propulsion package and be capable of rendezvousing, 
docking, and emplacing or servicing various payloads while under grounre, 
Shuttle, or space base control. Three teleoperators were assumed to be 
required. 

• Space operations - The teleoperator could be recovered by 
the Shuttle for return to earth. 

• Cround operations - Mission control would be linked to the 
teleoperators via TDRS. 

Cost data - Cost estimates were derived primarily from teleoperator 
studies. 

0 Non-recurring cost ($N) 

Space segment 
Ground segment 

Transportation (test flight, 1/3 Shuttle) 

Total 

8 Annual operating cost ($M) 

Space segment 
Ground segment 

Total 

System acquisition funding requirements (1977 $M) 

TOTAL 1981 1982 1983 1984 1985 

167.0 1.87 40.89 74.58 41.60 8.06 


150.0 

10.0 

7.0 

167.0 

10.0 

10.0 
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54. GEOSYNCHRONOUS PLATFORM—USA 

Pote- tial mirkct area - A geosynchronous platform (CP) is required for 
housing and suppo-ting up to eight service category payloads It would be 
capable of producing M)0 kW; m case the 500-WW capability were not attainable 
by 1986—when the CP is scheduled to become operational—conceptual designs of 
a smaller (100 tu) piriform were generatea (see figure ). However, analyses 
of this platform indicated that its severely reduced capability to support 
what are considered to be near-minimal operational payloads, when coupled with 
a significant- loss in tie economics of scale, make the approach of questionable 
merit. For ex.imple, while • he I0Q-I.W version would have only 20 percent of 
the capability of the basic GP, it would we.gh 40 percent as much,resulting 
ip the cost ot, its support services per unit ot energy delivered being almost 
three times that of the 510-hU <.P. Consequently, the 100-hVJ version was not 
considercd/in the programmatu analysis. 

Responsible agency - HAS.' 

Assumptions/ground ru les/1lmitat ions - Because common technology would be 
required Cor both live geosynchronous platform and for the SPS feasibility 
demonstratons, it was assumed that the Department of Energy cost-shared this 
development (see No. 48b). The DOC portion was assumed to cover the DDT&E 
costs of the platform. A description and specifications of the platform are 
presented m another section of this report. 

° Space operations - The platform wu c assumed to be constructed 
in low earth orbit, initial h ayloads attached, and the platform 
transported to geosyucnroiious orbit b> throe solar electric pro¬ 
pulsion systems (Sl'PS). It was assumed io certain laser-powered 
data transmission systems for communications with the Ea.opesn/ 

African GP and with the Asian c.l* LiiiL are assumed to Eollow in 
several years. Taeli piyloid housed would be assessed an amount 
sufficient to recover tin* cost of the GP within 10 years, plus 
yield a 10-percent annual return. Several CP's might be required 
to accommodate all of the payloads. 

• Ground operations - Mission Control would monitor and regulate the 
platform performance. 

Cost data - Cost estimates were derived primarily from CER's applied to 
design specification data. 

0 Non-rccumng costs ($K) 

Space segment 

Ground segment 

Transportation (4 Shuttles, 3 SEPS 

° Annual opera tiny cost (i'M) 

Space segment 

Ground segment 


10.0 

Total 10 0 


.7 
10.0 

, 1 IUS +) 115.7 

Total 281.4 
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System acquisition funding requirements (1977 $M) 

TOTAL 1981 1982 198 3 1984 1985 

281.4 3.15 68.92 123.58 70.08 13.57 

55. LOW EARTH ORBIT BASE 

Potential tnarWet area - A low earth orbit base would be the focal site 
for (1) orbital construction of large structures, (2) medical and genetic 
research (see No. 50), (3) space processing and materials risearch, and 
(4) processing of data from polar satellites prior to transmission to eartn. 

Responsible agency - NASA 

Ass jmptions/ground rules/limitations - The lo«* earth orbit base was 
assumed to be similar to the spare station design generated in the McDonnell 
Douglas a"d Grumman space station studies completeo in 1977. 

• Space operations - The initial base was assumed to consist of a 

habitation module with accommodations for up to nine personnel 
and with on-board computers for data processing. Considerable 
legacy was assumed from Skylao and Spacelab. Additional modules 

were assumed to be appended to the initial base as their needs 

and justifications evolved. 

9 Ground operations - Existing facilities for nission control of 
manned space operations were assumed to be modified for support 
of the space base. Four Shuttle flights per year were assumed 
to be required for crew rotation and material exchapgt/resupply. 

Cost data - Cost estimates were derived from data in the McDonnell Douglas 
and Grumman space stdtion studies. 

• Hon-recurring cost ($M) 

Space segment 292.0 

Ground segment 10.0 

Transportation 21.8 

Total 323-8 

• annual operating cost ($M) 

Space segment 87.2 

Ground segment 5.0 

Total 92.2 

System acquisition funding requirements Q977 $M) 

TOTAL 1981 1982 1983 1984 1985 

323.8 2.3? 51.97 109.07 101.39 49.24 


1986 
9 80 
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56. POLAR PLATFORM A 

Potential market area - Tie polar platform provides comnioi housekeeping 
functions to several payloads at a considerable cost saving. The platform is 
stationed in a sun-sync'roncus orbit. By having several operational payloaas, 
each operating in a different ctmbination of spectral frequencies while viewing 
a given area simultaneously, s>r.;rg!'-t Ic benefits can result. Unique combina¬ 
tions of spectral responses can be extracted from the various payloads to yield 
data on resources other than thosj being surveyed. 

R esponsible agency - NASA 

Assumptions/ground rules/1 imtatio’is - The pintfom was ansumed to be-in 
an orbit that repeats every 18 days. This repetition interval was too long 
for many operational missions (e.g., crop fur*, east ing). Two other platforms 
(see No. 59 and No. 65) were assumed to be emplmed at ono-yeai Intervals— 
thereby achieving a six-day repeat coverage. A ten-year life v»as assumed. 

The platform users would bo assessed a charge sufficient to recover all costs 
in c,ii jcar- plus a 10-port t nl anntitl return. 

• •~}ucp io/is - On La frc.i the polar platform was assumed tc 

he relayed via .ORS to ground sLations initially aiiu, eventually, 
to the spate base tor pre i i.nin...> pra^esslny. The Shuttle could 
deliver payloads directly to the platform. 

® Ground <-/>eratJO/’S - Plat form operations were assumed to be "'onl- 
Lered and regulated by a dedicated mission coni ini. 

t'osr data - Cost estimates were generated by analogy to the geosynchronous 
platfor.n sub..> stem costs. 

® fion~r^\'timng cost ($N) 

Space segment 71.7 

Ground segment 10.0 

Transportation ~ 21.8 

Total 103.5 

° Annus 1 opiating cost (fH) 

Sp ice segment — 

Ground segment 5.0 

Total 5.0 

System acquisition funding reqtnremonts (1977 $M) 

TOTAL 1983 1984 1985 1986 

1 103.5 2.05 43.28 49.01 9.16 
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57. GEOSYNCHRONOUS PLATFORM — EUROPE AFRICA 

Potential market area - This is a Europcan/Africin version of the geo- 
sync «ronous platform thsT^ was developed to service the U.S. (see No. 54). 

desponsihle agency - Foreign government consortium. 

/ ^sumptions/ground rules/llroitattons - See No. 54. 

Cc -.t data - See No. 54. 

Syt tern acquisition funding requirements (1977 $i l) 

TOTAt 1983 1984 1985 1986 1987 

281.4 3.15 68.92 125.63 70.08 13.57 

58. LUNET P A DEMONSTRATION 

Potent'al Market area - Prior to the acquisition of the Lunetta, a 
demonstrate n version will be tested to vilidate i ts teciinological feasibility, 
generate efficiency data, and to ascertain public reaction. 

Respons ble agency - NASA 

I Assume* ions/ground rules/ 1 lm** a t xor a - The dc"e"s«T.-»tion version of 
Lunetta is transnortable and deployible by one Shuttle flight. It was assumed 
lo be a f ull-scale version of a single orbital leflector and would be 800 ieet 
on a side. 

* Sjace operations - A stabilization and control package (off the 
shelf) was assumed to permit ground control during the tent, 
period. A low-thrus^ propulsion package (also off the shelf) 
was assumed to be an Integral part ot the reflector. The pro-' 
pulsion unit (approximately 5500 kg) would raise the 3000-kg 
reflector unit from low earth orbit to Its contemplated oper¬ 
ational altitude of 4200 km (3-hour orbit). Performance tests 
would be performed at intermediate altitudes. 

° Ground operations - The demonstration Lunetta would be oriented 
by ground control. 

Cost data - Cost estimates were derived by analogy *n other spacecraft 
cost data.' 

• Non-recurxmg cost ($H) 

Sprc-i segment 50.0 

Ground segment 10.0 

Transportation 21.8 

Total 81.8 

° Annual operatixjg cost - Not applicable (test program) 
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System ac<iul*-ition funulng requirements (1977 $M) 

TOTAL 1984. 1983 19Go 1987 

81.8 1.62 34.22 38.71 7.25 

■)9. POLAR PLATFORM B 
bO. POLAR PLATFORM C 

Po tential m arket a rea - l’heae two plat forms are identic..1 with Polar 
Platlorm A (see No. S(>). 'lhey re.hu.* the interval between repeat overflights 
from 18 days to 6 days. 

Response hie agenc y - NASA 

Assumpt l ons/groi 'iul rnlea/1 imitations - Platforms B and C were assumed to 
follow Platform A h> one and two years, respectively (see No. 56). 

.lost data - Cost estimates were derived bv analogy to the geosynchronous 
pla'iorm cost data. The following data apply to Platform B ns well as C. 

° .vna-nvidim.; cost (i>M) 

Space segment 

Ground segment (accpilren tn No, 

TransportatIon 

Total 

9 Annual ojfc'ratinct ro**t (t-Mj 

Space segment 
Ground segment 

l'otal 


Syste m acquis ! L i_oii_ fund In;*, requirements (1977 $M) 


TOTAL 

i984 1985 

1986 

1987 

1988 

• n at form F - 64.8 

1.28 27.10 

30.68 

5.74 

— 

* Flatfntr C - 64.8 

— 1.28 

27.10 

30.68 

5.74 

GLOBAL WEATHER AND 

RESOURCE BASE 





Poten t ial market area - Fven margin il improvements in weather forecast¬ 
ing capability could yield sizable benefits. ine Global Weather and Resource 
Base operates in conjunction with the Global rffeclS Monitoring payloads 
(No. 29;. and with data from other sensors to furnish a basis for longer 
range and more accurate weather forecasts. r 

Responsible agency - 8.S. Government agency (Department.of Commerce) 


4J.0 
56) — 

21.8 
6 *. .8 

5.0 

5.0 
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Assumptions/ground rnlcs/1i-itgtton s - The base was assumed to consist 
of two modules—a habitation module aud ar equipment module. Under normal 
conditions, it would not be manned continuously but, rather,,visited periodi¬ 
cally. While some data would be telemetered to earch, other data would be 
physically recovered and returned to earth for analysis (c.g., high-energy 
solar proton-detecting emulsions). 

• Space operations - The base was assumed to be in a 400 to 600 Ian 
altitude, 55-degree inclination orbit. Its variety of sensors 
and frequency of overflight uculd enable it to tic together data 
from other sources. Its telemetered data wore assumed to be 
relayed via TDRS to a ground station or to the space base tor 
processing. The base was assumed to be revisited via the Shuttle 
four limes per year. 

0 Ground operations - A ground facility would be required for 
control of the base during its unmanned periods. 

Co st data - Cost estimates were derived by analogy to modules described 
and costed in the McDonnell Doug,Las' .ind Cremman space station studies which 
were completed in 1977. 

“ Ncn-rectirring cost ($H) 

.Spec j segment 509.0 

(.round segment 10.0 

"'r' ,r "=partation 43.6 

Total 533,6 

0 Annual opoiatmg cost ($M) 

Space segment 87.2 

Ground segment 10.0 

Tot il 97.2 

S ystem acquisition funding, rcqulre m ents (1977 $M) 

TOTAL 1985 1986 17Co 1989 

553.6 6.21 M5.59 >47.22 137.86 26.72 

6 ? CZOSYNCHRONOUS PLATF0RK—ASIA 

Potent! il market area - This platform Is similar-to the U.S. (No. 56) 
ayd Europcan/African (NO.57) platforms, but services the Aslan area. 

Renpon*ihle agency - Foreign government consortium 

Assnmptlons/gromul rules/limitations - See No. 54. 

Cost 1 data - See No. 54. 
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System acquisition funding requirements (1977 $M) 

TOTAL 1935 1986 1987 1988 1989 

281.A 3.15 68.92 125.68 70.08 13.57 

63. LOW-THRUST OTV (SEPS) 

Potential market area - A low-thrust orbital transfer vehicle (OTV) 
will be required to propel large, relatively fragile structures that have 
been erected or deployed in low earth orbit to their destinations in geosynch¬ 
ronous orbit. The Solar Electric Propulsion Stage (SEPS) is one of the leading 
candidates for the low-thrust OTV. 

Responsible agency - NASA 

Assnmptions/ground reles/limitations - The SFPS configuration was assumed 
to be basically that generated by the Space Division of Rockwell International 
and documented in Concept Definition and Systems Analysis Study for a Solar 
Electric Propulsion Stajc (Contract NAS8-30920), February 3, 1975. 

Cost data - Cost estimates were based on data from the SEPS studies. 

• Non-rccurring cost ($M) 

Space segment 193.2 

Ground segment 10.0 

Transportation 21.8 

Total 225.0 

® Annual operating cost ($!') 

Space segment (borne by user) 

Ground segment 

Total 

System acquisition funding requirements (1977 $M) 

TOTAL 1980 x9bl 1982 1983 1984 

225.0 2.52 55.10 100.50 56.03 10.85 

64. HLLV-1 (SHUTTLE WITHOUT ORBITER) 

Potential market area - A pavload-to-orbit capability exceeding that of 
the Shuttle wiLI be required in the late 1930's. The Heavy-Lift Launch 
Vehicle (hLl.V) is based on evolutionary growth of the Shuttle hardware, and 
consists of a'cargo pod in place of the orbiLur. 

Responsible agency - NASA 
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Assumptions/ground rules/llmltationa - The data assumed—both performance 
and cost—were extracted from the Space Division’s Shuttle Growth Study (Con¬ 
tract NAS8-32015), May 1977, Volume V. 

a Space operations - The HLLV design selected would have a 
payload-to-orbit (300 Ion, 28.5 degrees) capability of 
233,000 lb (106,000 kg), at a cost of $12.83 million per 
flight, or $55 per pound ($121 per kilogram). 

0 Ground operations - A mission control facility would be required. 
Flights would'be unmanned. 

Cost data - Cost estimates were derived from data in the aforementioned 
study report and from the study costing personnel. 

0 1Von-recu r nng cost ($N) 

Space segment 1950.0 

Giound segment 10.0 

Transportation (test flight) 21.8 

Total 1981.8 

® Annual operating cost ($N) 

Space segment (borne by users) — 

Ground segment 10.0 

Total 10.0 

System acquisition funding requirements (1977 $M) 

TOTAL 1985 1986 1987 1988 1989 

1981.8 22.22 485.39 885.05 493.51 95.63 

65. OTV (LaRGE CHEMICAL) 

Potential market area - Substantial payloads will need 
more quic!ly to geosynchronous orbit than is possible with the SEPS. 

Responsible agency - NASA 

Ausumptions/ground rules/limitations - The OTV specification ar.d costs 
assumed were based on data obtained f^om the NASA Technical Memorandum, 

NASA TM X-73394, Orbit Transfer Systens h,Lth Errphaais on Shuttle Applixn*%iono 
-1996-1091 (April 1977). ' “ 

• Space operations - The all-propulsive version was assumed. It 
would have a geosynchronous orbit round-trip capability of up 
to 3600 kg (8000 lb) in the dual-stage-per-Shuttle mode; this 
might be sufficient for ttansporting a manned module tc geo¬ 
synchronous orbit and back. , 

® Ground operations - A mission control facility would be required. The 
OTV would be recovered for ground refurbishment. 
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Cost data - Cost estimates were derived from data extracted from the 
aforementioned report. 

V 


° Non-rocurring cost 

($H) 


Space segment 


600.0 

Ground segnent 


10.0 

Transportation 

(test flight) 

21.8 


Total 

631.8 


° Annua] operating costs (iM) 

Space segment (borne by users) — 

Ground segment 10.0 

Total 10.0 

System acquisition funding requiiemcnts (1977 $M) 

TOTAL 1981 1983 1983 1934 198 5 1986 

631.8 (19.14) 4.55 101.42 212.77 197.8* 96.08 

R&D 


RECOMMENDED PIAN SUMMARY AND CONCLUSIONS 

Anrual fund.-g requirements developed for each recommended opportunity 
were aggregated by year for each of the four funding source categories; these 
data are shown in Figure 1C9. Shuttle/Spacelab funding was omitted to permit 
focusing on new opportunities. The L°83 peak m other U S. Government funding 



Figure.109. Cumulative Expenditures for Space Industrialization 
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is due primarily to No. 2, Electronic Mail ($779.04 million); and No. 48B, 
Solar Power System Development ($930.24 million). The lln Sa funding require¬ 
ment peak in 1987 is due largely to No. C4, Ia.LV-1 ($885.05 million); and 
to No. 32, Microwave Radiometer ($282.04 million) acquisitions. 

Although NASA may not be directly funding a major portion of the oppor¬ 
tunities described, it could be responsible for managing most of the develop¬ 
ment programs for the non-NASA opportunities. NASA alread/ has experienced 
personnel; other agencies would have to acquire space hardware development 
teams for what are essentially single developments. Substantial savings and 
increased efficiencies would result from the use of existing NASA personnel 
and teams. Immediate action should be initiated to alert other government 
agencies of the potential benefits from many of these opportunities in order 
to preclude foreign inroads into the advanced technology of the aerospace 
market. If foreign agencies capture a significant technological lead and 
demonstrate proficiency in the development of space hardware, it will become 
increasingly difficult to direct foreign space business to the United States. 

No creoence should be placed in the downward slope of the funding curves 
in 1988, 1939, and 1990. This results because no second-generation develop¬ 
ments were included. They would have required highly speculative assumptions 
and funding requirements that wouid have compromised the validity of the 
funding aggregates shown. The recommended opportunities will spawr addi¬ 
tional space ventures, unforeseen today, that will reverse the downward 
slopes. Moreover, the ten-year on-orbit lifetimes of many opportunties will 
be nearing termination and therefore will necessitate system replacement or 
refurbishment. 

The 65 recommended opportunities were analyzed to determine the Shuttle 
traffic to be generated annually by space industrialization. FiguieilO shows 
the cumber of Shuttle flights (by year) that would be necessary to implement 
the recommended opportunities. The data are conservative because they assume 
all-success programs. They show that in the second half of the 1980's, 
approximately 40 flights per year will be required to support just the recom¬ 
mended space incest*matron opportunities. 

While the actual, cost of some of the service opportunities may appear 
high, the number of persons that could benefit from the service is very large. 
Consequently, the annual per capita "opportunity availability" cost is low. 

For example, the annual per capita cost of having the opportunity to make use 
of t ic service oifered by a pocket telephone or direct-broadcast TV is on the 
order of $u.3^. The annual per capita costs of some representative opportun¬ 
ities are shown in T^ble 1-*. These are opportunity availability costs, and 
do not include, the costs ot actually using the service if desired. 
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PROCRAM!IATIC ANALYSIS OF ALTERNATIVE PLANS 


INTRODUCTION 

During Part I of the study, four distinct program plans (scenarios) were 
developed. Plan A assumed that in 19.17 the decision would be made to proceed 
with the immediate acquisition of an S’S by one of two alternative approaches. 
In Plan Ai, a lunar bass and material nrocessing facility would be constructed 
and the SPS? produced from basically luiar materials. In Plan A 2 , the SPS 
would be constructed from terrestrial materials. Plan B assumed that in 1987 
the decision was made not to build an SPS. Under Plans Aj, A 2 , and B it was 
assumed that the Department of Energy would fund those aspects of the geosynch¬ 
ronous platform development that were directly applicable to the SPS technology 
development prog-am. Plan C assumed that all SPS activity would be halted in 
1982, and that NASA would bear the full cost of developing the geosynchronous 
platform. A drawing of such a platform is shown in Figure 111 (Dwg. 78255-002). 

At the conclusion of Part I, Plan B was chosen as the baseline recommended 
plan for detailed analysis during ParL II. The previous section reported- on 
the analysis and findings pertaining to Plan B. In this section the program- 
matics of Plans Ai, A 2 , and C will be examined. 

SCOPE AND LIMITATIONS/APPROACH 

, The 65 recommended opportunities are essentially common to all plans. A 
cursory analysis was made to determine key incremental programs necessary to 
implement Plans Ai and A 2 , and gross cost estimates were generated on these 
items. The cost estimates for the initial years of SPS acquisition were spread 
from 1983 through 1990. Plan C was basically a re-allocation of resources. 

TECHNICAL DATA 


Plan Ai (Lunar ) 

The major programs included in this plan werejU) a-JLunai base, ( 2 ) lunar 
industrial (material processing) facilities, (3) an earth-to-moon transport 
vehicle with a manned capability, (4) a lunar orbit-to-surface-to-orhit ShuttJ* , 
and ^51 the SPS construction including a ground station. The total non¬ 
recurring cost resulting in Lhe construction of one SPS was estimated to be 
on the order of $47 billion (1977 $). During the initial three years, the 
funding requirements would be (1977 $M): 



1988 

19S9 

1990 

NASA 

629.0 

2943.0 

4488.5 

U.C. Government agency 

121.5 

742.5 

1816.2 

(Department of Energy) 
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Plan Az (Terrestrial) 

The key programs included in this plan were (1) a large, manned orbital 
transfer vehicle, (2) a single-stage-to-orbit heavy-lift vehicle (Star-Raker), 
and (3) the SPS itself including a controlling ground station. The total non¬ 
recurring cost for building one SPS was estimated to be $4].5 billion. The 
funding requirements for the initial three years (1977 $M) would De: 



1988 ' 

1989 

1990 

NASA 

175.2 

944.3 

1831 4 

U.S 1 . Government agency (DOE) 

135.0 

825.0 

1 

1878.0 


Plan C 

In this plan, NASA funding was increase^ to cover the share of th"> cost 
of the geosynchronous platform development, assumed borre hy DOE in Plan B 
($187.5 million). 

A comparison cf the funding requirements under ei«-h of the four plane fr 
shown in Figure 112. SPS funding (DOE) is shown added ro the Plan B NASA 
funding. Shuttle arc! Spacelab funding has been omitted in order to focus or 
the other space industrialization funding requirements from 1981 thiough 
1984. The recommended opportunities were found to be common- to all plans 
until 1987; therefore, the bottom curve applies to Plans Ai, Az, and 15 ~ 
between 1980 and 1987. 

PROGRAMMATIC ANALYSIS SUMMARY AND CONCLUSIONS 

The SPS support level and technological success constitutes the Ley 
determinant governing implementation of tha alternative plais. Several indi¬ 
cators should be monitored to track the likelihood of implementation of SPS. 
Among these are the SPS development funding levels, success of fusion research, 
foreign interest in SI'S (potential for cost sharing), and exacerbation of 
pollution from fossilc fuels along with deleterious climatic impacts. 

Conceivably, events could accelerate the 1987 SPS decision by one or 
even ten years. Recently reported findings of metallic titanium, silicon, 
and aluminum in the Soviet Luna 24 core sample could favor earlier schedules 
for lunar missions than those shown m the baseline plan. Confirmation of 
metallic deposits from these missions would favor implementation of Plcn Ai. 

On the other hand, UN decisions strongly opposing utilizat on of lunar resources 
for national purposes would tend to favor Plan A 2 . Reduct on in SPS development 
funding or cancellation of the currently planned SPS activities would favor 
adoption of Plan C. 

Events during the next three to five years will strongly indicate what 
the 1987 decision will be. - , 
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SUPPORTING RESEARCH AND TECHNOLOGY 
V 

The following are items of supporting research and technology recommenda¬ 
tions per Data Requirement SE-243B. The nature of this study is such that the 
3RT items are generally system studies or technology area studies which would, 
in turn, yield specific items of technology needed to support that particular 
objective. 

GEOSYNCHRONOUS PLATFORM 
Status 

A quantium jump (over current exponential expansion) in communication 
services is provided by the Geosynchronous Platform. A vigorous pace of 
technology development is indicated, but no breakthroughs are required. 

Justification 


The use of communications satellites at GSO is expanding expotentialiy 
world wide. The beneficiaries on earth can proliferate as the size and cost 
of ground stations comes down. If major services such as pocket telephones 
and direct broadcast TV can be provided with ground units of a few hundred 
dollars each or less, than a great number of people would benefit. I 

Technical.Plan 


Objective 

To develop a design for a large, general purpose platform located at GSO 
that provides a dramatic increase in benefits to earth at a lower overall cost, 

Technical Approach 

In tnc next few years, communication satellites in GSO will proliferate, 
providing many services to businesses and countries with moderately priced 
ground stations. The quantum jump beyond that is to provide services directly 
to individuals via ground units that are affordable by virtually everybody in 
developed countries and to a large number of people (millions) in developing 
countries. There are many unresolved questions, the mosc important of which 


1. Since fhe easiest frequencies get used up first by those 
who can affoid to be first, what is the proper approach 
to frequency allocation where the objective is major 

1 benefits tc millions or billiens of people? 

2. Since the services provided will become increasingly vital, 
what is the beut approach to reliability, updating, etc.: 
small satellites with an on-orbit spare designed for no 
maintenance; a large GP with sophisticated teleoperators ' 
(Telecommunicated Astronaut) on board; or manned sortie 
maintenance and updating? 
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3. What is the opticvm transition from current practice and 
when should this transition occur? 

In the study of a Geosynchronous Platform the following specific task 
subjects should be considered: 

® Design 
o Sizing 

o Maintenance and Updating Methods 
® Services Provided 
o> Growth Policy 

o International Usage and Financing Policy 
a Services Provided 
« RF Band and Bandw'.dth Utilization 
o Ground Systems Costs 
• Cownercial Pevenues 

® Advantages over Proliferation of Small Satellites 

o Synergism oith Otner Space and Ground Systems 
e Overall Benefits 
a PioDlems and Opposition 1'xpec.ted 
a Cost , 

Resource Requirements 


An initial study of approximately §50011 is warranted. Beyond that, a 
major Geosynchronous Platform would cost approximately $600M through the first 
operational amount. 

Target Schedule 

Our study indicated that this is the best investment for mankind of all 
opportunities considered. Therefore, it should proceed at a rapid pace with 
operational status by about 1986. 


INFORMATION SYSTEMS MARKET ANALYSIS 
Status 


The original NACA and the NASA has had the charter to conduct research 
and development in specific areas benefiting the national interest. In the 
information systems area, the NASA tendency has been to withdraw rather than 
lead. It could well be that tnis withdrawal comes from an expanding market of 
unprecidented importance and at a time of unprecidented need for the United, 

States to find areas of relief in balance of payment deficits. ^ 

SSSSSS 
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Justification 

For the first time in this century, the U.S. finds itself with no clear 
world marketplace leadership in any area (except perhaps for agriculture). 

Our balance of^ payments deficits are gigantic and the old proud term sound, as 
a dollar is now a jol'e. With imaginative leadership, we could do much toward 
satisfying world needs and at the same tine improve our own future by better 
penetration of the world market in information management. Space nas a major 
role in such an endeavor. 

Technical Plan 


Objective 

To determine if NASA should re-enter the information systems technology 
development field in a big enough way to be a major factor in the ability of 
United States companies to penetrate this market. 

Technical Approach 

This would be an in-house effort bv a flue ribbon NaSA committee, aided 
by consultation with industry. 

P07.AR PLATFORM 
Status 

Individual payloads not necessarily associated with the primary mission 
of the spacecraft ere routinely integrated into'satellites and placed into 
orbit. However, the piggybacked payloads are usuairy simple in terras of power 
requirements, size and data generated. The polar platform would need to be 
capable of housing several large, primary payloads. A significant portion of_ 
the technology would have been developed in support of the geosynchronous 
platform that would precede the polar platform by approximately one year. 

Justification 


Several operational (as opposed to developmental) missions have been 
identified that require acquisition of data from multiple sensors in a sun 
synchronous orbit, By incorporating these payloads on a common platform, the 
cost of the housekeeping functions can be shared by the payloads and each can 
participate in the economics of scale. Additionally, an important benefit 
would be the availability of data from a combined total of several dozen 
sensors, all recording simultaneous impressions of a common scene. Extrapolat¬ 
ing from results achieved by computer manipulation of Landsat A and B data, 
the synergism thus created would undoubtedly provide unanticipated data on 
other valuable earth resources than those being surveyed. Tne simultaneous 
relay.jaf. large amounts of data (via TORS) would require tecnnological advances. 
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Technical Plan 

y 

Objective 

To develop ^ design for a general purpose polar platform that would be 
placed in sur.-synchronous orbit and provide housekeeping support to several 
discrete ooservational payloads at a substantial cost savings over using an 
independent satellite per payload. 

Technical Approach 

Several different observational (sun-synchrenous) missions appear 
meritorious. Each could be implemented independently. However, the use of a 
common platform would provide tvo major benefits. First, economics of scale 
would enable several payloads of sensors to be supported at a lower cost. 
Second, by having all of the sensors in the various payloads simultaneously 
viewing the idertical scene, analyses of the synergistic results could enable 
the extraction of data well beyond thac which would be furnished by the sum 
of the individu.il, unsvr.chronized Dayloads. Acquisition of data from diverse 
sensois in the various payloads could eliminate the need for additional 
dedicated payloads. 

Key emphasis in the proposed work should focus on three interrelated 
technology issues: 

1. Level of Modularization - Should entire payloads be designed as 
single, detachable modules or should individual sensors be 
modularized. 

2. Data C>mpaction and Transmission - How should the copious data 
generated be handled? It will need to be jrelayed via TDRS. Can 
radio frequencies handle it or would laser frequencies be required? 

If rcdjo, then at what frequencies? If laser - to where? Space base 
Earth station’ Laser alteration/dlstortion through clouds? 

3. Sensor Coolin g - Certain sensors need to be cooled to cozogenic 
temperatures tor efficient operation. Should cooling be a house¬ 
keeping (i.e,, pJatform) function or should each payload satisfy 
its own sensor cooling requirements. 

Analysis and resolution of the above interrelated issues would constitute 
the initial task of the proposed effort. The second task would focus on pre¬ 
liminary design of a typical plarfom with particular emphasis on weight 
because of the limited Shuttle wei^it capability to sun-synchronous orbit. 
Included in the design task would b.- considerations of payload/sensor replace¬ 
ment, platform growth, and on-orbit maintenance. In the third and final task 
an economic evaluation would be mace that would compare the merits of the 
general purpose platform over the conventional individual, dedicated satellite 
approach. Also in this task, various methods would be devised for assessing 
the platform users for the platform acquisition and operating costs. 


238 



Rockwell International 

Space Omsaan 


Resource Requirements 

The preliminary design study described would require approximately 
$350,000 and one year to perform. To develop and construct the Polar Platform 
would require'an estimated $70 million (plus ground facilities and launch costs) 
and would require approximately three years to build (excluding payloads). 

Target Schedule 

If the anticipated benefits of a general purpose polar platform are con¬ 
firmed by the proposed study, then its construction should receive high priority. 
The data to be generated by the several earth observational payloads that would 
be carried aboard the polar platform has an urgency that carries to the 

owuscruction of the payloads and, hence, to the platform for carrying the 
payloads. Consequently, the polar platform should be scheduled to be operational 
by 1987. 

GLOBAL SPACE BENEFITS FORECASTING 
Status 

The creation of wealth and betterment of mankind's fortune, using space, is 
widely accepted in principle, but confusing in specifics. 

Justification 


There is increasing public dialogue and interest in the high frontier of 
space. Evidences of this interest range from pure fiction, like Star Wars, 
through colonization on down to the reality of operational COMSATS. This public 
dialogue extends into the Office of Management and Budget and Congress, who are 
trying to separate real and beneficial possibilities from unrealistic dreams. 

Technical Flan 


Objectives 

Conduct continuing study that encompasses a global multi-discipline and 
futuristic outlook complied with realistic knowledge of technology, systems, 
schedules, and costs. 

Technical Approach 

Conduct studies that go across the board of future possibilitxes to keep 
valid data flowing to an interested public media, congress, etc. The study 
should attempt to balance near and far objectives and emphasize people oilci.ted 
benefits. Realistic costs should be developed for specific, promising alterna¬ 
tives and communicated in terms of percentage of GNP, expendatures xn other 
areas, etc. Wide participation of experts both within"the aerospace field and 
outside, but potentially related fields should be developed using consultants, ; 
working groups, symposium participation, etc. Results should be freely dis¬ 
seminated to both national and world audiences and the resulting dialogue made 
available to NASA m formulating NASA policy. - 
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LUNETTA 

Status 

There has been vir‘ .ally no disciplined, funded studies to either confirm 
the promise of beneficial uses on refle:ted light or dispute their practicality 
It is a major technological step, but r.it a giant one, i.e., more like another 
of the century series aircraft (F-100, 101, etc.), rather than an Apollo sized 
endeavor. 

Justification 

As the population expands, the major metropolitan areas of the world will 
A'^hnueh energy is scarce and eipensive rnese cities must have light. 

It is possible that major savings ir. conventional energy usage and lighting 
system costls c<>n occur by using Lunett. s rather than conventional lighting 
techniques. 

Technical Plan 

Objective 

To develop a design for a set of orbiting reflectors that provide the 
lighting needs of most of the major cities of the world. 

Technical Approach 

As we develop large space structures for a multitude of reasons, we want 
to move toward systems that work witn cheaper and cheaper ground units"so that 
even larger segments of the population can directly benefit. The Lunetta is 
nearly the ultimate of this approach — nothing is required of the recipients 
except their eyes. The best utility of Lunetta is also its drawback: The more 
the service is provided around the globe the more cost effective it becomes, 
but the more difficult it is to implement. Certainly the system would be 
designed to not provide light where it is not wanted by the majority in that 
location, but there will undoubtedly be people there also that'object to it. 
Also, the sharing of cost between rich and poor cities and the value of light 
being globally available for major emergencies makes the funding arrangements 
difficult. Therefore, the key cask that should be undertaken is the overall 
merit of the idea versus its cost and social problems. Specific tasks would 
include: 

9 Design 

o Size Optimization 
» Construction and Repair Methods 
e Effectiveness 
o Public Acceptance 

• Economics - , 
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y o Relationship to SPS and Other Large 

Structures Developments 

a International Financing 
o o Environmental Effects 
0 Cost 

Resource Requirements 

An initial merit study would cost approximately $300K. Implementation 
of a global system would cost about $2.7B. 

Target Schedule 

An initial demonstration should be about 1990, with a fully operational 
system within five years of that date. 

LEO OPERATIONS BASE 
Status 

No significant tech 'cal barriers stand in the way of permanent manned 
occupancy of space. 

Justification 


Space stations have been studied since at least 1961, but have never been 
fully justified. There is no technical barrier to such a facility, but it must 
be fully justified in terms of both science and direct benefits to human needs. 

Technical Plan 


Objective 

To define the appropriate evolution from long duration Shuttle/Spacelab 
missions to permanent presence of man m space. 

Technical Approach *-~ 


The problem is not really technical in nature, but rather economic, 
political and social. Studies should be initiated that provide contractors to 
participate' fully in the growing public iuterest in space and the young people's 
dream of personal involvement. Tasks should include: 


e International Involvement 
o Mission Requirements 
e Man's Role 

© Relationship to Orblter/Spacelab 
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o Evolutionary Growth 
s Modular Versus Utilization of ET 
e Spacelab Based Versus Original Design 
© Sizing 
e Timing 

Resource Requirements 


A 12-man space base could be placed into operation for less than $1E 
3 978 dollars 

Target Schedule 

Any program of this magnitude takes at least five years from serious 
commitment to initial operating capability. This space base should be in 
operation either in 1986 or wait until about 1989, depending on how mucn 
on-orbit extensions of time and power we decide to add to Shuttle/Spacelab 
and our decisions on the overall pace of the space program." 

SOLAR ELECTRIC PROPULSION 
Status 

Solar Electric Propulsion (SEP) systems have been studied for more than 
a decade. It is clear that small extensions of current technology coiild 
quickly result in a low technology SEP. However, it may be more prudent to 
gp immediately to a higher technology level m full synergistic cooperation 
with overall solar power system developments including SPS. 

Justification 


Energy is abundant in space and is getting increasingly limited on the 
earth. Therefore, the use of space energy for space propulsion purposes is 
desirable and prudent. 

Technical Plan 


Objective 

To accomplish inter-orbit logistics and planetary exploration with a solar 
powered spacecraft having low thrust, but extremely high specific impulse. 

Technical Approach 

The question of a two step (i.e., current solar cells, arrays, etc., and 
mercury engines versus SPS-type solar cells, SPS array construction and argon 
engines) approach versus one more advanced'is unresolved. The results of 
this study suggest the latter, due to the synergism between SEP, power for tse 
in space and SPS. However, both one-step and two-step approaches have valid 
merits. A prc-Phase A study is suggested, concentrating on this question, but; 
considering other tasks as follows: 
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• Design 

© Mission Analysis 

o Propellant Selection 

o Solar Cell Type 

e Solar Cell’Array Configuration, 
o Trip Times 

a Ton Engines 

¥ Eclipse Effects 

o Loading, Unloading, Refueling, Etc. 

I » Lifetime, Reliability and Maintenance 

o Cost 

Resource Requirements 

The small study suggested v' ild cost approximately $300K. Total program 
costs depend on the approach chosen and the cost sharing of technology aspects 
with ether programs. 

Target Schedule 

With either approach, the SEP should be operational m the mid to later 
1980's. 


HIGH TECHNOLOGY CRYOGENIC OTV 
Status 

The technology state of OTV’s reflects decisions by NASA, DoD and ESA, 
several years ago not to pursue the high technology upper stages, but rather 
postpone that worh and get by with interim technology and intermediate 
’performance. 

Justification 


The space transportation svs-em (STS) is incomplete without the theme ct 
high performance, manned rel’ability, and reusability being mcorpo.’.ted in all 
transportation elements. Many l,even most) of tHe Shuttle payloads and payloads 
of even larger boosuers in the future need to be in high energy orbits. 

Technical Plan 


Objective 

To define a new generation LH 2 » LO 2 Orbit Transfer Vehicle £hat meets a 
wide spectrum of future needs Including manned missions to GSO. 
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Technical Approach 

The basic technologies of cryogenics, hydrogen oxygen engines, composites, 
electronics, etc., would allow the development of an OTV that fills a wide 
variety of needs well into the next century. It should, therefore, be developed 
with key future requirements in mind, i.e., both low and high thrust modes, 
fully recoverable, capable of being man-rated, anu Shuttle compatible. Key 
tasks include: 

• Missions 
a Sizing 

9 Design 

• When Needed 

• Reliability 

o Use of RCS as Lou Thrust Back-Up to the 
Main Engine 

o Refueling 
e Maintenance 
9 Payload Installation 

• Cost 

Resourc e Requirements 


‘ Thi a program should follow the classic phased program development steps 
and be 'shared in cost between all users, particularly NASA, DoD and DoE It 
is expected to cost about $1B in 1978 dollars. 

Target Schedule 

The OTV should be operational in an unmanned model in 1987. The addition 
of a manned module payload would be subsequent to that by three to ten years, 
depending on mission requirements and manned versus unmanned operations in GSO. 

MADE-IN-SPACE PRODUCTS 
S tatus 

The curreuc demonstrated technology tor space processing is generally not 
sufficient for private investors to risk lart.e capital on a specific product. 

Justification 


The promise of a major industrial harvest from space has been supported 
by numerous studies and a few actual experiments that were conducted on space¬ 
flights and sounding rockets. None of these appear to yet have the technical ’ 
and financial basis to justify the commercial investment of large sums of money 
before more experiments and demonstrations are conducted. v 
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Technical Plan 


Objective 

To set the stage for an avalanche of new products that are uniquely, 
derived from utilization of the enviornment of space. 

Technical Approach 

Continue the cn-going work in space processing with particular emphasis 
on developing hardware to conduct numerous experiments on early Shuttle flights'. 
Develop a precedent understanding between government and industry that will 
provide government support for the early, high-risk phases, but let inaustry 
bring m investments and retain proprietary rights appropriate to traditional 
research and development operations in their competitive industrial environments 

Resource Requirements 

Refer to fISFC long-rang: plans in this area. 

Target Schedule 


It is vital that space processing experiments be carried out on a broad 
basis m the early 1980's. As the results become available, significant plans 
for commercialization should be developed on a product-by-product basis. 


LARGE SPACE STRUCTURES 
Status 

Studies, ground subsystems development space experiments have been carried 
along for most technology areas necessary for large, manned facilities in space. 
These were aimeJ toward the concept of a laboratory in space. It seems certain 
now that space construction is a more significant program driver than space 
experiments. This recent shift spotlights emphasis on the key area that was 
left out of the previous on-going work, that of Large Space Structures. 

Justification 


The Bin justification for large space structures comes from: (1) SPS, 

(2) complexity inversion, end (3) power needs for on-orb’t activities. Sclar 
Power Satellites (and to some extent Lunettas or Solettas) are the most 
ambitious, but also most important of the long range space utilization oppor¬ 
tunities since they relate to the critical issue of terrestrial ene.g). 
Complexity inversion (with the goal of making ground segments of a system so 
small and inexpensive that millions of units will be directly interfacing with 
the satellite) also takes large space structures, both for'antennas and power. 
Finally, many of the attractive made-tn-space candidates would texe multi¬ 
hundred hW of power in space if hundreds of tons per year were to be processed 
in space and utilized on ear^h. This requirement, plus a potential need for 
solar electric,propulsion (SEP) makes large solar energv needed in space for 
in-space power. All ot chese require large space structure technolo b y. 
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Technical Plan 
Objeotii)e 


To develop large space structure technology 
ing continuous space fabrication processes. 

Technical Approach 


a broad front, but empi.Hsiz- 


Ihe following areas 
structures approach: 


of technology should be 


included in the large space 



Resource 


Kcgui r. moots 


bpace Fabrication 

Modeling and healing Laws 

Ground Test Validation Procedures 

Oreiter Assembly Operations 

AssembU and Fabrication Aids and Machinery 

Role of Man/Space Cybernetics 

Large (Flexible) Platform Attitude Control 

Long Life Films and Reflector surfaces 

Long Lite lomposites 

herocuring Figure Control and RF Pattern Control 


To be determined IRolor to Langlei Research Center ATL/LS program). 
Ta r ge t Schedule 


Operational systems are 
5rae.' plan 

transmission and observation 
a year earlier. Therefore, 
earlv enough to support thus, 
towai 1 an operational sl’.s by 


needed as soon as practical. The recommended 
calls lor a quantim jump in the information 
areas bv l‘>87, and multi-hundred kV power s\ stems 
the basic large structures technology should be 
e operational s\stems and progress from there 
the turn of the centurv. 1 


bOLAK 


11I010V0LIAIC hPACt P0W1 K '^STIAs 


- ^olai pnotovoltaic. nave prohibit tin most 
space and terrestrial oneroy options, however, 
romantic rattier than Usnnicnl and tar r-'ae.ung 
necessary to make these dieanis a realit' . 


public support of all ot the 
tins support is largely 
advancements in technology are 





Rockwell International 

Space Dtasion 


Justification 


Abundance of power and energy has been one of the traditional hallmarks 
of successful industrialization on earth and the indications point to a similar 
requirement for epaae industrialization. 

Technical Plan 


Objective 

To develop a set of evolutionary designs for thousands, millions, and 
billions of watts generated in space for in-space use — in full cooperation 
with corresponding -studies of even larger amounts of power generated in space 
for terrestrial use. 

Technical Approach 

For both terrestrial and space power systems, the cost per watt of solar 
photovoltaic systems needs to be reduced by about two orders of magnitude from 
current prices. In addition, the space systems need to become much thinner 
and lighter and to maintain high efficiency over several decades of operation 
in the space environment. Ga A1 As cells offer a reasonable possibility f 
achieving these goals for SPS. For terrestrial applications, silicon and „ther . 
materials show some promise of meeting me cost goals set by DoE. The basic 
technology of solar photovoltaics, possibly in conjunction with solar heating 
and cooling (terrestrial), should be vigorously pursued. Tasks should tnclud.-: 

• Similarity to SPS Development Program 

• Requirements and Timing of Requirements 

• Overall Designs 

• Solar Cell Materials 

a Cascaded Systems 

s Array Structures 

• Energy Storage 

• Lifetime/Degradation/Reliability 

o Methods of Construction 

• Cost 


Resource Requirements 

Refer to DoE plans for terrestrial applications and NASA SPS plans for 
space application. 

Target Schedule 

Progress is incremental and related to funding level. A technology readi¬ 
ness level should be achieved by 1982 that would be a significant step toward 
later goals and usable in the mid 1980's as operational systems. 
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SOLAR PHOTOVOLTAIC TECHNOLOGY 
Status 

Recent advances in the Ga A1 As solar cell technology have shown that cells 
car. be manufactured that have an operating efficiency of 17.5 percent at AMO 
and 28°c. The cells produced to date are laboratory-type cells and the largest 
cell fabricated is 2- x 2 cm. The cell lias the potential of obtaining a 20 
percent operating efficiency, but continued development work is required in 
order to meet this goal. 

Justification 


The Ga A1 As solar cell appears to be suoenor to the Si-type cell that is 
presently in use. The C» A1 As cell has the potential for higher efficiency, 
lower weight, increased performance it elevated temperatures and nore resistant 
to ionized radiation compared to Si cells. The use of Ga A1 As cells in 
advanced spacecraft will result in a higher power capability with reduced 
degradation from thespace environment. 

Technical Flan 


Objective 

Develop advance Ga A1 As cells and demonstrate tneir performance and 
reliability for space application. Analyze the manufacturing processes and 
design improved technique and equipment that will result in the manufacture of 
hign efficiency and low cost and weight cells. Test and characterize the cells 
to the space radiation environment. 

Technical Approach 

Analyze, design and fabricate prototype cells. Determine characteristics, 
materials, and tolerances that affect the performance of cells and upgrade to 
improve power output and volLage rating. Measure a and * of cell, covers and 
cell stack. Determine effects and assess impact of reducing junction .thickness 
on cell performance, manufacturing cost and gallium availability. Investigate 
and develop improved cell interconnects for large production rate. Assess 
optimum cell size based on cost, production array, blanket fabrication techniques' 
and stowage and deployment constraints. 

Mass production of the cells will require a review of the manufacturing 
concepts and selection of the concept which appears to offer a high manufactur¬ 
ing capability with low cost such as the metal oxide — chemical vapor dcpo.icion 
(CVD) process. The process variables, tolerances and the equipment size have to 
be defined. Establish production yields, process times, manufacturing costs 
and plant size which are necessary to determine production rates. Define 
facility requirements and cell costs. Analyze the gallium cycle for recycling, 
minimizing losses and reduction in gallium content for cell performance. 

Conduct detailed analyses of the cell structure to determine methods and 
designs to increase'^ the radiation resistance of Ga A1 As cells. Perform 
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analyses and computer modeling of the devices to determine their pertormante 
in the radiation environment. Conduct radiation tests on space-type cells 
and refiector specimens and correlate and compare data with math models. 
Develop and evaluate techniques to minimize radiation degradation such as 
thermal annealing of .cells, increased thickness of reflector-coating, develop¬ 
ment of increased radiation hardened solar cells, etc. 

Resources R eq uirements 

To be determined. 

Target Schedule 

To be determined. 
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